4.0 FINAL ARRAY OF ALTERNATIVES

The alternatives analysis included combining one or more optimized components to form a plan
that would exhibit positive net benefits and provide FRM to the study area. Detailed studies
were performed based on available lands, property acquisitions, on-site environmental field
investigations, and more refined engineering and economic data. The best candidate alternatives
for the NED Plan which presented various approaches to FRM were subjected to further
comparison. At the conclusion of the alternatives analysis, the alternative that maximizes net
economic benefits is identified as the NED Plan.

Five alternatives were analyzed which demonstrate distinctly different methods by which FRM
can be accomplished within the study area.

= Alternative 1 is a full earthen channel modification, from US 59 to the mouth of
Hunting Bayou and represents different scales of the 1990 Authorized Plan. These scales
range from less than a 10 percent to a 50 percent FRM performance level.

= Alternative 2 is a nonstructural alternative consisting of a watershed-wide buyout of all
residential and commercial properties with positive AAEV net excess benefits and
represents the optimized scale for nonstructural buyouts. This alternative is a combination
of stand-alone components C, F and K. This alternative provides 4 percent FRM in the
upper and middle stream segment and 14 percent FRM performance in the lower stream
segment.

= Alternative 3 is a nonstructural watershed-wide flood proofing of all residential and
commercial properties with positive AAEV net excess benefits and represents the optimized
scale of nonstructural flood proofing. This alternative is a combination of stand-alone
components D, G and L. This alternative provides 4 percent FRM in the upper and middle
stream segment and 11 percent FRM performance in the lower stream segment.

= Alternative 4 is the No Project Alternative.

= Alternative 5 is the same as B50-A1 which produced the greatest AAEV net excess benefits
in the optimization exercise presented in Section 3.0 and represents the optimized scale for
FRM among all the previous components tested and combined for economic efficiency.
This alternative provides 10 percent FRM performance in the watershed’s upper stream
segment.

4.1 Alternative 1 — Full Earthen Channel Modification

In the 1988 USACE Feasibility Study, a full channelization plan was identified as the NED Plan
for Hunting Bayou and authorized in WRDA of 1990. Thus, it was anticipated that a full
channelization plan would also be a valid candidate for the NED Plan in this current study effort.

Alternative 1, a total reevaluation of the 1990 Authorized Plan, was developed using the most
current hydrologic and economic information. It consisted of earthen channel modifications
from US 59 to the mouth of Hunting Bayou, a distance of approximately 72,900 feet (13.8
miles). Alternative 1 was optimized by analyzing four different channel designs, with bottom
widths ranging from 35 feet to 150 feet near the mouth. A3, the scale with a 110-foot bottom
width channel at the mouth of Hunting Bayou replicates the 1990 Authorized Plan under current
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conditions. Table 4-1 shows the economic performance of the four bottom-width channel scales.
As shown on the next page, Exhibit 4-1 displays Alternative 1.

Table 4-1:
Economic Performance of Alternative 1
AAEV Damage
Channel Total Project | AAEV Project Reduction AAEV Net
Design Cost Cost Benefits Excess Benefits BCR
Al1-35 BW $210.691 $12.692 $19.801 $7.110 1.56
A2-65 BW $236.949 $14.277 $21.875 $7.597 1.53
A3-110 BW $341.583 $20.582 $22.401 $1.819 1.09
A4-150 BW $421.341 $25.389 $22.414 ($2.974) 0.88

2001 price level, discount rate of 5.625; BW = bottom width
Note: All dollar values are in million

Based on the Chief’s Report, the 1990 Authorized Plan’s benefits would accrue from inundation
damage reduction to existing and future development. At the time of the 1988 analysis there
were 9,823 structures in the 100-year (1percent AEP) floodplain that were cumulatively valued
at $677 M. The value of a structure averaged $69,000 in 1988. A benefit was also estimated for
a reduction in the administrative costs to the flood insurance program.

The inundation reduction benefits to these 4 Authorized Design scales were based on a
1998 structure inventory of 7,689 structures in the 1 percent AEP floodplain valued at $800
million including structure and contents. Structure values alone averaged $58,000. With
contents added, property values averaged $104,000.

While future development and affluence benefits were developed for the 1990 Authorized Plan,
no future development or affluence benefits were calculated for the updated 1990 Authorized
Plan scales. By 1998, affluence benefits, which is the assumption that residential content-to-
structure value ratios increase over time, was no longer considered to be a legitimate benefit
category and was very difficult to ascertain as well as credibly support. Also with Harris
County’s adoption of a “no adverse impact” policy for future development and the expectation
that future development would conform to COH’s first floor elevation criterion of 1 foot above
the BFE, no impacts to future development were assumed for any condition in the Hunting
Bayou federal study.
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Exhibit 4-1:

Alternative 1 Authorized Plan (Full Channel Modification)
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4.2 Alternative 2— Nonstructural Buyout of Residences

Alternative 2, the nonstructural buyout alternative, identifies all residential and commercial
structures shown to be cost-effective for buyout within the watershed. Detailed output from the
HEC-FDA WOP conditions model was used to compute the net benefits resulting from
purchasing each structure in the study area.

A total of 974 structures (941 residential and 33 commercial) was identified to have a positive
net benefit, which equates to an approximate 24 percent (4-year) floodplain buyout. Alternative
2 has an annual $4.360 million net benefit and a 2.15 BCR. Exhibit 4-2 displays Alternative 2.

4.3 Alternative 3 — Nonstructural Flood Proofing of Residences

Alternative 3, the nonstructural flood proofing alternative, identifies all structures shown to be
cost-effective for flood proofing within the watershed. Detailed output from the HEC-FDA
WOP conditions model was used to compute the net benefits resulting from raising each
structure in the study area.

A total of 1,039 structures (1,010 residential, 27 commercial and 2 public) were identified to
have positive AAEV net excess benefits, which equates to an approximate 25 percent (4-year)
floodplain.  Alternative 3 has AAEV $2.950 million net excess benefits and a 2.06 BCR.
Exhibit 4-3 displays Alternative 3.

4.4 Alternative 4 — No Action Alternative

Alternative 4 is the No Action Alternative. Without implementing a flood damage reduction
project in the Hunting Bayou study area, flood damages were calculated to be $22.42 million at
2001 prices and at the FY 2004 5.625 percent federal discount rate.

4.5 Alternative 5 - Upper Reach Channel Modification with a 50-ft Bottom Width
and Homestead Detention

Alternative 5 is the same as B50-Al which is a combination of a 50 ft bottom width channel
modification, bridge modifications, and a 40-acre off-line detention basin at Homestead Road.
Alternative 5 is the culmination of an optimization process detailed in Section 3 and represents
the combination of best economically performing FRM components within the Hunting Bayou
watershed. Alternative 5 has AAEV $10.210 million net excess benefits and a 2.51 BCR.
Exhibit 4-4 displays Alternative 5.
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Exhibit 4-3:
Alternative 3 Flood Proofing
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4.6 Alternatives Analysis Summary
Table 4-2 compares the economic performance for the five alternatives.

Table 4-2:
Best Performing Alternatives
AAEV Damage
AAEV Reduction AAEV Net
Alternative | Component Description Project Cost Benefit Excess Benefit | BCR
1 Full Earth Channel (35° BW) $12.692 $19.801 7.110 1.56
Full Earth Channel (10-Year) (65'BW) $14.277 $21.875 $7.598 1.53
Full Earth Channel (25-Year) (110’ $20.582 $22.401 $1.819 1.09
BW)
Full Earth  Channel  (50-Year) $25.389 $22.414 ($2.975) 0.88
(150°BW)
2 Watershed-Wide Optimized Buyout $3.788 $8.148 $4.360 2.15
(974 Structures)
3 Watershed-Wide Optimized Flood $2.781 $5.731 $2.950 2.06
Proofing (1,039 Structures)
4 No Project - $0.000 $0.000 0.00
5 Upper Stream Segment 50-ft BW $6.780 $16.990 $10.210 251
Channel, Bridge Replacements, and
Homestead Detention (B50-Al)

2001 price level, 5.625 percent discount rate.
All dollar values are in millions.
Alternative 1 — Full EarthChannel(25-year) (110’BW) represents the optimized 1990 Authorized Plan

As seen in Table 4-2, Alternative 5, B50-Al, maximized net excess benefits with $10.2 million
in average annual equivalent values. The plan reevaluation process for the Hunting Bayou
federal study identified an alternative, B50-A1, located in the watershed’s upper stream segment
as the best economic performer. Working in combination, the channel modification, bridge
replacement and detention basin components form the NED Plan alternative. By focusing efforts
to reduce flood risk in the upper stream segment, these components worked together in a systems
manner to reduce damages where they occur.

From previous analysis of measures that maximize net excess benefits, the channel modification,
bridge replacements and detention alternative produced higher net benefits and was chosen to
advance as the NED Plan with continued refinement of scale.

4.7 Evaluating and Dismissing Alternatives

The Plan Formulation process considered a range of alternatives including the No Action
Alternative. The evaluation criteria applied to the alternatives included environmental, economic
and public acceptance factors. While comparing the alternatives, it became clear that two of
them should not be analyzed in any further detail because they do not meet the project purposes.

This section offers those reasons why the non-structural alternatives have been eliminated from
further study. The regulatory basis for this approach is that so long as all reasonable alternatives
have been considered and an appropriate explanation is provided as to why an alternative was
eliminated, the regulatory requirement is satisfied. The focus has been on the substance of the
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alternatives versus the number of alternatives (Native Ecosystems Council vs. U.S. Forest
Service, U.S. Court of Appeals for the Ninth Circuit, 428F.3d; No, 04-35274; also Curry v U.S.
Forest Service 988 F. Supp541 (W.D., Pa. 1997)). The Council on Environmental Quality
regulations do not impose a numerical floor on alternatives to be considered in detail.

4.7.1 Reasons for Eliminating the Non-Structural Buyout of Structures:

The nonstructural buyout alternative would displace 941 residential structures housing an
estimated 2,380 persons. This magnitude of population displacement violates the study’s
objective for minimizing disruptions to the local community. Public sentiment gathered at local
meetings did not favor displacements which could be perceived as having environmental justice
implications. Therefore, with respect to the presence of an alternative that better meets the
federal and study objectives, Alternative 2 is eliminated from further analysis.

4.7.2 Reasons for Eliminating the Non-Structural Flood Proofing of Structures:

The nonstructural flood proofing alternative would elevate 1,010 residential structures, impacting
an estimated 2,555 persons within the watershed. While elevating out of harm’s way would
protect investments made to the property, the population’s vulnerability to risk associated with
rising flood water would remain. The affected population could mistakenly remain in their
homes when flood waters threaten and not evacuate to higher ground, thereby increasing their
risk to life, health and safety. The social vulnerability of the resident population with regard to
age and income affects their ability to respond to flood threats. This vulnerability might be
worsened by a false sense of security if residents stayed behind in their elevated homes rather
than evacuated them. Therefore, with respect to the presence of an alternative that better meets
the federal and study objectives, Alternative 3 is eliminated from further analysis.

4.8 Refining the Channel Modification and Detention Basin Alternative, NED Plan

The planning process focused on identifying the alternative that maximized net excess benefits,
which defines the NED Plan. The combination upper stream channel modification, bridge
replacements and detention basin, B50-Al, was identified as the NED Plan and was further
refined.

4.8.1 Reduced Homestead Site Detention Planning Condition

In November 2004 during negotiations with UPRR, the railroad company which owns the
property for the proposed Homestead Road offline detention site, the non-federal sponsor,
HCFCD, learned that expansion of intermodal railroad facilities is planned for approximately
one-half of the 155-acre Homestead Road site. This reduced the available land for detention to
75 acres. Therefore, obtaining more than 75 acres at the Homestead Road site would require
acquisition of offsetting nearby industrial land making the optimized detention basin untenable.

4.8.2 Adapting Channelization Features

The 30-acre inline detention basin feature of the channel modification components for the upper
stream segment was not previously analyzed as a stand-alone component to determine its FRM
benefits attributable to this component. Therefore, it could not be determined if this feature was
economically justified to be included as part of the final plan reevaluation. In addition, site
investigation indicated an unregistered, unpermitted landfill is located in the area proposed for
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the inline detention. Due to the uncertainties construction in such areas can pose, including
increased cost estimates for the inline basin, it was decided to eliminate the inline detention site
from further consideration.

4.8.3 Reevaluating Components A and B in Combination

The landfill’s presence within the Component B footprint required the inline detention basin
feature be abandoned and Component B be redesigned without inline detention. Losing inline
detention in Component B required more storage in Component A to offset flood flows.
However, Component A was constrained by limited land area for detention, which required that
the cross-sectional area (channel bottom width) for channel modification be increased for
Component B.

In 2009, components A and B were reanalyzed as a combined detention basin size and channel
bottom width in an array of 32 scales of the NED alternative in an attempt to identify the most
economically efficient scale. Channel bottom widths were modeled in a range from 40 ft. to 200
ft. Detention sizing offered less variation due to the land constraint and ranged from 25 acres to
the maximum 75 acres. All scales include the optimized bridge replacements. The reevaluation
results are shown in Table 4-3 (see next page).

The analysis results produced three scales of interest for the NED Plan alternative. B90-A50, the
NED Plan scale that maximized net excess benefits; B50-A25, that reasonably maximized net
benefits at least cost; and B60-A75, the non-federal sponsor’s, HCFCD, preferred NED Plan
scale which best addresses all study objectives and reasonably maximized net excess benefits.
The B90-A50 NED Plan scale best satisfied the federal objective of producing the greatest net
excess benefits. However, the top 23 NED Plan scales are within 5 percent of the No. 1 ranked
scale for net excess benefits. Due to the narrow range of net excess benefit outputs of the NED
Plan scale array, the least cost scale which reasonably maximizes net excess benefits (within 5
percent of the maximum) is NED Plan B50-A25 for the 2009 planning iteration.
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Best Performing Alternative Scales with Constrained Available Land for Detention

Table 4-3:

AAEV
Damages AAEV AAEV Net
AAEV Reduced Total Project Excess
Damages Benefits Project Cost Cost Benefit
(x$1,000) | (x$1,000) (x$1,000) (x$1,000) (x$1,000) BCR
Net Excess
Benefit NED Plan
Rank Scale WOP AAEV Damages $24,954.36

1 B90-A50 90-ft Channel + 50 ac $5,643.70 $19,310.66 $150,966.19 $7,669.67 $11,640.99 2.52
2 B100-A50 100-ft Channel + 50 ac $5,487.27 $19,467.08 $154,159.25 $7,830.21 $11,636.87 2.49
3 B80-A50 80-ft Channel + 50 ac $5,826.31 $19,128.05 $147,632.58 $7,502.16 $11,625.89 2.55
4 B70-A50 70-ft Channel + 50 ac $6,023.19 $18,931.17 $143,950.34 $7,316.01 $11,615.16 2.59
5 B80-A25 80-ft Channel + 25 ac $6,730.65 $18,223.70 $131,064.80 $6,619.17 $11,604.53 2.75
6 B90-A25 90-ft Channel + 25 ac $6,561.39 $18,392.97 $134,462.79 $6,789.90 $11,603.07 2.71
7 B100-A25 100-ft Channel + 25 ac $6,406.68 $18,547.68 $137,721.40 $6,953.70 $11,593.98 2.67
8 B110-A25 110-ft Channel + 25 ac $6,220.10 $18,734.26 $141,648.46 $7,154.16 $11,580.10 2.62
9 B70-A25 70-ft Channel + 25 ac $6,946.85 $18,007.51 $127,290.07 $6,428.42 $11,579.09 2.80
10 B60-A50 60-ft Channel + 50 ac $6,274.23 $18,680.13 $139,701.24 $7,101.74 $11,578.39 2.63
11 B110-A50 110-ft Channel + 50 ac $5,359.65 $19,594.71 $158,062.39 $8,029.48 $11,565.23 2.44
12 B120-A25 120-ft Channel + 25 ac $6,107.36 $18,847.00 $144,906.85 $7,319.10 $11,527.90 2.58
13 B120-A50 120-ft Channel + 50 ac $5,243.94 $19,710.42 $161,301.68 $8,193.47 $11,516.95 241
14 B140-A25 140-ft Channel + 25 ac $5,823.87 $19,130.49 $150,784.00 $7,617.52 $11,512.97 2.51
15 B50-A50 50-ft Channel + 50 ac $6,610.93 $18,343.43 $136,226.23 $6,898.47 $11,444.96 2.66
16 B60-A25 60-ft Channel + 25 ac $7,301.98 $17,652.37 $122,947.23 $6,209.48 $11,442.89 2.84
17 B50-A25 50-ft Channel + 25 ac $7,485.88 $17,468.48 $119,406.13 $6,031.25 $11,437.23 2.90
18 B140-A50 140-ft Channel + 50 ac $5,054.28 $19,900.08 $167,249.93 $8,495.42 $11,404.66 2.34
19 B40-A50 40-ft Channel + 50 ac $6,876.43 $18,077.93 $132,723.90 $6,749.58 $11,328.35 2.68
20 B200-A25 200-ft Channel + 25 ac $5,146.60 $19,807.76 $169,587.39 $8,571.13 $11,236.63 231
21 B60-A75 60-ft Channel + 75 ac $5,806.12 $19,148.24 $158,295.16 $8,051.43 $11,096.81 2.38
22 B70-A75 70-ft Channel + 75 ac $5,598.37 $19,355.99 $162,643.58 $8,270.62 $11,085.37 2.34
23 B80-A75 80-ft Channel + 75 ac $5,415.41 $19,538.95 $166,420.30 $8,461.45 $11,077.50 231
24 B100-A75 100-ft Channel + 75 ac $5,109.54 $19,844.82 $173,083.82 $8,796.29 $11,048.53 2.26
25 B90-A75 90-ft Channel + 75 ac $5,277.47 $19,676.89 $169,822.81 $8,632.38 $11,044.51 2.28
26 B50-A75 50-ft Channel + 75 ac $6,090.92 $18,863.43 $154,750.51 $7,844.70 $11,018.73 2.40
27 B200-A50 200-ft Channel + 50 ac $4,535.31 $20,419.05 $186,195.75 $9,456.10 $10,962.95 2.16
28 B110-A75 110-ft Channel + 75 ac $5,008.81 $19,945.55 $177,071.49 $8,999.75 $10,945.80 2.22
29 B120-A75 120-ft Channel + 75 ac $4,885.07 $20,069.29 $180,473.25 $9,171.82 $10,897.47 2.19
30 B40-A75 40-ft Channel + 75 ac $6,408.48 $18,545.87 $151,147.99 $7,690.85 $10,855.02 241
31 B140-A75 140-ft Channel + 75 ac $4,682.40 $20,271.96 $186,659.50 $9,485.62 $10,786.34 2.14
32 B200-A75 200-ft Channel + 75 ac $4,173.55 $20,780.81 $206,341.95 $10,482.97 $10,297.84 1.98

2009 Price Level, Discount Rate = 4.375 percent; ac - acres

The highlighted rows illustrate the three scales of interest for the NED Plan alternative.

4.9 2013 NED Plan Scale Update and 1990 Authorized Plan Update
The NED Plan was updated as were the WOP condition and the 1990 Authorized Plan in the

2013 reiteration of the planning process.

Several corrections, modifications and verifications

occurred to the structure database and to hydraulic, hydrologic and flood damage estimation
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programs to reflect current guidance and current conditions within the Hunting Bayou watershed.
The structure inventory was verified for existence and type, was updated with 2013 RCNLD
prices, and was truncated to conform to the 0.2 percent floodplain boundary. Ancillary damage
categories were updated to current prices. Any new development which had occurred since 1985
was assumed to conform to COH’s first floor elevation criterion of 1 foot above the BFE if the
improvement lay within Hunting Bayou’s 1 percent floodplain. Depth-damage curves and
uncertainty estimates which are necessary components of the HEC-FDA model were reviewed
and updated. The current federal discount rate was used. Also because the NED Plan’s channel
modification component had been optimized by length, advance bridge replacement benefits
were calculated which would apply to any NED Plan scale.

4.9.1 Determining Existing Capital Investment within the Existing 0.2 Percent
Annual Exceedance Probability (AEP) Floodplain

Table 4-4 shows the structure inventory and the capital investment distribution within
Hunting Bayou’s eight existing AEP floodplains based on first floor elevations. An estimated 90
percent of the total structures in the estimated 0.2 percent annual probability floodplain are
residential, which accounts for approximately $178 million in structure value. Total structure
value in the 0.2 percent floodplain is approximately $500 million.

The 2013 inventory update found the residential inventory is not increasing at the rate
commercial development is. Growth in residential development averaged 0.7 percent annually
while growth in commercial development exceeded 5 percent per annum between 1998 and
2013. Commercial development is taking place near multi-modal opportunities in the middle
and lower stream segments closer to the rail yards and the Port of Houston and outside the
project impact area. This new development is built to conform to COH first floor elevation
standards.
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Table 4-4:

Distribution of Capital Investment within Annual Exceedance Probability (AEP) Floodplains
Cumulative Totals based on First-Floor Elevations and Without Project (WOP) Hydrology and Hydraulic Conditions
2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s

Hunting Bayou Flood Risk Management Project

Bank to 50% | Bank to 20% | Bank to 10% | Bank to 4% | Bankto 2% | Bankto 1% | Bank to 0.4% | Bank to 0.2%
Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain

Property “2-Year” “b-Year” “10-Year” “25-Year” “50-Year” “100-Year” “250-Year” “500-Year”
Residential Property
Number of Structures 0 203 1091 2265 3564 4614 5759 6616

Single-Family 0 154 933 2018 3226 4233 5345 6163

Multi-Family 0 49 158 247 338 380 412 450

Mobile Homes 0 0 0 0 0 1 2 3
Distribution 0.0% 2.5% 15.1% 32.7% 52.3% 68.7% 86.7% 100.0%
Structure Value $0.00 $5,334.41 $ 28,659.54 $60,101.18 $92,472.23 | $127,794.13 | $156,001.36 $178,336.62
Content Value** $0.00 $2,507.20 $ 13,682.06 $ 28,886.30 $44,842.49 | $61,639.34 $ 75,643.88 $86,614.05
Total Value $0.00 $7,841.61 $42,341.60 $88,987.48 | $137,314.72 | $189,433.47 $231,645.24 $264,950.67
Commercial Property
Number of Structures 0 25 112 251 352 438 542 643
Distribution 0.0% 3.9% 17.4% 39.0% 54.7% 68.1% 84.3% 100.0%
Structure Value $0.00 $5,876.43 $24,907.56 $46,128.99 $64,003.99| $88,835.05| $123979.63 $172,890.13
Content Value** $0.00 $9,521.23 $39,677.57 $73,170.55 | $101,873.56 | $131,901.85 $183,885.02 $244,613.38
Total Value $0.00 $ 15,397.66 $64,585.13 | $119,299.54 | $ 165,877.55 | $220,736.90 $ 307,864.65 $417,503.51
Public Property
Number of Structures 0 2 13 33 52 57 66 69
Distribution 0.0% 2.9% 18.8% 47.8% 75.4% 82.6% 95.7% 100.0%
Structure Value $0.00 $37.46 $ 3,537.56 $6,295.78 $9,748.17 | $11,187.13 $12,776.02 $13,412.68
Content Value** $0.00 $42.70 $4,032.82 $7,177.19 $1111291 | $12,753.33 $ 14,564.66 $15,290.46
Total Value $0.00 $80.16 $7,570.38 $ 13,472.97 $20,861.08 | $23,940.46 $27,340.68 $28,703.14
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Bank to 50% | Bank to 20% | Bank to 10% | Bankto4% | Bankto 2% | Bankto 1% | Bank to 0.4% | Bank to 0.2%
Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain
Property “2-Year” “5-Year” “10-Year” “25-Year” “50-Year” “100-Year” “250-Year” “500-Year”
Hospital Property
Number of Structures 0 0 0 0 0 1 1 1
Distribution 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 100.0%
Structure Value $0.00 $0.00 $0.00 $0.00 $0.00 | $137,000.00 $ 137,000.00 $ 137,000.00
Content Value** $0.00 $0.00 $0.00 $0.00 $0.00 | $36,990.00 $ 36,990.00 $ 36,990.00
Total Value 0 0 0 0 0 173990 173990 173990
Total Property
Number of Structures 0 230 1216 2549 3968 5110 6368 7329
Distribution 0.0% 3.1% 16.6% 34.8% 54.1% 69.7% 86.9% 100.0%
Structure Value $0.00 $11,248.30 $57,104.66 | $112,525.95 | $166,224.39 | $ 364,816.31 $ 429,757.01 $501,639.43
Content Value** $0.00 $12,071.13 $57,392.45 | $109,234.04 | $157,828.96 | $243,284.52 $311,083.56 $383,507.89
Total Value $0.00 $23,319.43 | $114,497.11 | $221,759.99 | $324,053.35 | $608,100.83 $ 740,840.57 $885,147.32
Passenger Vehicles
Number of Vehicles 0 194 1050 2186 3477 4512 5674 6583
Distribution 0.0% 2.9% 16.0% 33.2% 52.8% 68.5% 86.2% 100.0%
Vehicle Value $0.00 $ 1,495.85 $8,750.98 $ 18,612.32 $27,037.30 | $33,345.51 $40,233.86 $45,849.47
Total Roads
Roadway Lengths (Miles) 1 22 60 89 122 130 138 150
Distribution 0.7% 14.7% 40.0% 59.3% 81.3% 86.7% 92.0% 100.0%
*Residential Single Family Content Values displayed are based on a 50 percent content-to-structure value ratio (CSVR).
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4.9.2 Determining Flood Damages for Without Project (WOP) Condition

Flood damages were estimated for all properties within the Hunting Bayou 0.2 percent AEP
floodplain for the WOP condition. Damages from inundation are based on data obtained from
the previously described update of existing development. Damage estimates were computed for
structures and contents for the various types of physical properties classified as residential,
commercial and public. Costs were also estimated for vehicle, utility and road damages and for
post-disaster recovery expenditures.

4.9.3 Single Occurrence Damages

Damages expected to accrue from the various AEP events for the WOP condition are displayed
in Table 4-5. These values represent damages expected for individual events under the WOP
hydrologic and hydraulic conditions and include structure and content values. Values are based
on 2Q2013 (FY13) price levels. As an example, total flood damages expected from a 1 percent
AEP event approximate $160 million. The flood damages expected from a 0.2 percent
exceedance probability event approximate $271 million.

4.9.4 Average Annual Equivalent Value (AAEV) Damages

AAEV damages by reach over the 50-year period of analysis are shown in Table 4-6. These
damages correspond to damages accruing from all damage categories earlier described and,
because there is no expected change in the WSEL and to the structure inventory over time, the
AAEV damages are equivalent to the expected $19.8 million annual damages.
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Table 4-5:

Single Occurrence Damages by Annual Exceedance Probability (AEP) Event
Without Project (WOP) Hydrology and Hydraulic Condition

2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s

50% 20% 10% 4% 2% 1% 0.40% 0.20%

“2-Year” | “5-Year” | “10-Year”|“25-Year”| “50-Year” [“100-Year”|“250-Year” |“500-Year”
Structure Damage
Residential Property $0.00[ $2,157.13| $8,547.84|%$17,646.96] $27,465.85( $36,398.65| $47,716.98| $54,611.13
Commercial Property $0.00 $422.47| $1,717.77 $3,784.31] $5,633.65| $8,052.69| $11,431.01| $14,557.29
Public Property $0.00 $4.56| $293.51| $701.87| $1,291.51| $1,573.91 $2,086.22| $2,385.04
Hospital $0.00 $0.00 $0.00 $0.00 $808.30] $3,797.64| $14,943.96| $19,404.68
Content Damage
Residential Property $0.00[ $1,396.06| $5,168.67|$10,414.87] $15,925.20( $20,607.34| $26,886.48| $30,557.91
Commercial Property $0.00( $1,175.27| $6,146.72|$13,862.11| $21,486.17( $32,026.26| $48,662.71| $61,319.64
Public Property $0.00 $0.66|  $191.21| $715.55| $1,761.19( $2,172.83[ $3,138.00] $3,945.56
Hospital $0.00 $0.00 $0.00 $0.00 $0.00 $914.39| $4,573.44| $5,737.89
Totals
Residential Property $0.00[ $3,553.19| $13,716.51| $28,061.82] $43,391.05( $57,005.99| $74,603.46| $85,169.04
Commercial Property $0.00[ $1,597.74| $7,864.49|$17,646.41] $27,119.82( $40,078.96| $60,093.72| $75,876.93
Public Property $0.00 $5.22 $484.72| $1,417.42] $3,052.70| $3,746.75| $5,224.22| $6,330.60
Hospital $0.00 $0.00 $0.00 $0.00 $808.30] $4,712.03| $19,517.40| $25,142.57
Total Property Damages $0.00[ $5,156.15| $22,065.73| $47,125.66] $74,371.87( $105,543.72( $159,438.81| $192,519.14
Post Disaster Costs $0.00[ $3,481.49| $10,814.48| $22,615.29] $34,638.10( $41,346.56| $50,713.42| $56,486.79
Road Damages $10.50 $219.80 $555.61| $1,000.47] $1,410.66| $1,561.97| $1,664.88| $1,783.38
Utility Damages $0.00 $85.13|  $264.44|  $549.97 $842.35| $1,005.51| $1,233.30] $1,373.70
Vehicle Damages $0.00 $132.98| $1,591.67 $4,476.63] $8,286.04| $11,034.84| $15,489.79 $18,688.12
Total by Event $10.50| $9,075.55| $35,291.93| $75,768.02| $119,549.03( $160,492.60( $228,540.19| $270,851.12
Percent Distribution
Residential Property 0.00% 39.15% 38.87% 37.04% 36.30% 35.52% 32.64% 31.44%
Commercial Property 0.00% 17.60% 22.28% 23.29% 22.69% 24.97% 26.29% 28.01%
Public Property 0.00% 0.06% 1.37% 1.87% 2.55% 2.33% 2.29% 2.34%
Hospital 0.00% 0.00% 0.00% 0.00% 0.68% 2.94% 8.54% 9.28%
Post Disaster Costs 0.00% 38.36% 30.64% 29.85% 28.97% 25.76% 22.19% 20.86%
Road Damages 100.00% 2.42% 1.57% 1.32% 1.18% 0.97% 0.73% 0.66%
Utility Damages 0.00% 0.94% 0.75% 0.73% 0.70% 0.63% 0.54% 0.51%
Vehicle Damages 0.00% 1.47% 4.51% 5.91% 6.93% 6.88% 6.78% 6.90%
Total by Event 100.00%| 100.00%| 100.00%| 100.00% 100.00% 100.00% 100.00% 100.00%
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Table 4-6:

Distribution of Average Annual Equivalent Value (AAEV) Damages by Reach
Without Project (WOP) Condition
2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s
FY?2014 Interest Rate — 3.50 Percent and 50-Year Period of Analysis

Post- Percent

Reach Name | Residential | Commercial Public Hospital Disaster Road Utility Vehicle Total Distribution
D $0.00 $0.00 $0.00 $0.00 $0.00 $0.85 $0.00 $0.00 $0.85 0.0%
H $0.00 $0.00 $0.00 $0.00 $0.00 $0.06 $0.00 $0.00 $0.06 0.0%
L $3.06 $0.00 $0.00 $0.00 $0.00 $0.32 $0.00 $0.15 $3.53 0.0%
M $42.50 $7.49 $0.48 $0.00 $8.80 $0.58 $0.21 $7.42 $67.48 0.3%
©) $4.25 $0.00 $0.27 $0.00 $0.00 $0.00 $0.00 $0.48 $5.00 0.0%
P $2.17 $2.87 $0.00 $0.00 $0.00 $0.15 $0.00 $0.16 $5.35 0.0%
R-Left $25.10 $299.14 $0.00 $0.00 $8.12 $1.11 $0.20 $0.68 $334.35 1.7%
R-Right $157.49 $234.56 $0.69 $0.00 $34.00 $3.18 $0.83 $14.40 $445.15 2.2%
T-Left $196.96 $1.39 $0.00 $0.00 $45.65 $1.68 $1.11 $8.15 $254.94 1.3%
T-Right $668.76 $3.50 $5.00 $0.00 $250.23 $4.15 $6.08 $51.75 $989.47 5.0%
U-Left $7.90 $3.83 $0.00 $0.00 $0.00 $0.06 $0.00 $0.20 $11.99 0.1%
U-Right $146.44 $0.00 $0.00 $0.00 $30.41 $0.00 $0.74 $5.24 $182.83 0.9%
V $0.00 $10.29 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $10.29 0.1%
X $46.25 $127.35 $0.00 $0.00 $18.26 $2.81 $0.44 $3.01 $198.12 1.0%
z $103.47 $159.37 $2.57 $0.00 $38.35 $2.11 $0.93 $2.23 $309.03 1.6%
AE $6.35 $2,321.43 $0.01 $0.00 $14.83 | $12.38 $0.36 $1.22 | $2,356.58 11.9%
AF $83.14 $856.01 $3.15 $0.00 $68.16 | $15.09 $1.66 $4.75 | $1,031.96 5.2%
AG $98.72 $67.91 $0.64 $0.00 $10.85 $3.45 $0.26 $1.52 $183.35 0.9%
AH $2.73 $44.12 $0.00 $0.00 $1.07 $3.48 $0.03 $0.22 $51.65 0.3%
Al $183.14 $551.04 $25.75 $0.00 $88.66 | $12.82 $2.16 $12.91 $876.48 4.4%
AL $269.46 $503.40 $8.64 $0.00 $179.24 | $12.66 $4.36 $51.91 | $1,029.67 5.2%
AP $3,210.49 $748.60 | $254.48 | $750.20 | $2,682.90 | $71.15| $65.25 | $576.88 | $8,359.95 42.2%
AZ $1,268.36 $521.99 $91.65 $0.00 $974.38 | $57.87 | $24.01 | $145.76 | $3,084.02 15.6%
Total $6,526.74 $6,464.29 | $393.33 | $750.20 | $4,453.91 | $205.96 | $108.63 | $889.04 | $19,792.10 100.0%
E?gfreightion 33.0% 32.7% 2.0% 3.8% 22.5% 1.0% 0.5% 4.5% 100.0%

Colors designate lower, middle and upper stream segments.

4.9.5 Refining the National Economic Development Plan, 2013

In 2009, the NED Plan of channel modification, bridge replacement and offline detention
components was refined into an array of 32 possible combinations in an attempt to identify the
scale that maximized net excess benefits. Based on the WOP condition update, the 32 NED Plan
scales were updated with current planning level costs and were reanalyzed and compared for net
excess benefit production. Table 4-7 presents the 32-scale array’s performance under current
conditions.

With the update to current conditions, the NED Plan scale that maximizes net excess benefits
changed from B90-A50 in 2009 to B60-A50 in 2013. The NED Plan scale that maximized net
excess benefits at the least cost remained B50-A25.

When evaluated against the current 2013 condition within the watershed, 19 channel bottom-
width and detention basin size combinations produced net excess benefits within 5 percent of
B60-A50. Of these 19, the B50-A25 NED Plan scale “reasonably” maximizes net excess
benefits at the least cost. However, B50-A25 ranks last among the 32-scale array for inundation
damages reduced.
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2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s, FY2014 Interest Rate of 3.5 Percent

Table 4-7:

Economic Performance of 32 NED Plan Scales

2013 Net Equivalent Annual Advance Annual Annual Difference in Rank Rank Order
Excess Equivalent Inundation Damage Bridge Total Annual 2013 Total Equivalent Equivalent Net Net Excess Order Inundation
Benefit NED Plan Annual Damage | Reduction Benefit Replacement | Equivalent NED Project Cost Project Cost | Excess Benefits Benefits vs Top Least Damages

Rank Scale (x $1,000) (x $1,000) Benefit Benefits (x $1,000)™ (x $1,000)™ (x $1,000) BCR Performer (%) Cost Reduced
WOP $19,792.10
1 B60-A50 $5,562.01 $14,230.09 $981.42 $15,211.51 $151,345.80 $6,596.02 $8,615.48 2.31 0.00% 20
2 B90-A25 $5,945.02 $13,847.08 $981.42 $14,828.50 $147,070.47 $6,362.52 $8,465.98 2.33 1.74% 26
3 B90-A50 $5,149.44 $14,642.66 $981.42 $15,624.08 $164,509.92 $7,163.91 $8,460.17 2.18 1.80% 16 14
4 B140-A25 $5,197.64 $14,594.46 $981.42 $15,575.88 $165,212.99 $7,150.61 $8,425.27 2.18 2.21% 15 15
5 B80-A25 $6,136.00 $13,656.10 $981.42 $14,637.52 $143,594.25 $6,212.79 $8,424.72 2.36 2.21% 28
6 B100-A25 $5,843.27 $13,948.83 $981.42 $14,930.25 $150,772.97 $6,521.84 $8,408.41 2.29 2.40% 24
7 B70-A25 $6,333.76 $13,458.34 $981.42 $14,439.76 $139,459.70 $6,033.79 $8,405.97 2.39 2.43% 29
8 B60-A25 $6,598.01 $13,194.09 $981.42 $14,175.51 $133,710.30 $5,786.26 $8,389.25 2.45 2.63% 31
9 B110-A25 $5,682.11 $14,109.99 $981.42 $15,091.41 $154,955.70 $6,705.04 $8,386.37 2.25 2.66% 10 23
10 B80-A50 $5,382.33 $14,409.77 $981.42 $15,391.19 $161,084.70 $7,016.36 $8,374.82 2.19 2.79% 13 17
11 B120-A25 $5,548.09 $14,244.01 $981.42 $15,225.43 $158,566.03 $6,861.59 $8,363.84 2.22 2.92% 12 19
12 B70-A50 $5,591.42 $14,200.68 $981.42 $15,182.10 $157,022.56 $6,840.45 $8,341.65 2.22 3.18% 11 21
13 B50-A25 $6,820.55 $12,971.55 $981.42 $13,952.97 $129,858.40 $5,620.19 $8,332.78 2.48 3.28% 1 32
14 B100-A50 $5,122.05 $14,670.05 $981.42 $15,651.47 $168,162.65 $7,321.10 $8,330.37 2.14 3.31% 18 13
15 B110-A50 $4,944.79 $14,847.31 $981.42 $15,828.73 $172,318.55 $7,503.16 $8,325.57 211 3.37% 20 11
16 B120-A50 $4,848.24 $14,943.86 $981.42 $15,925.28 $175,906.01 $7,658.74 $8,266.54 2.08 4.05% 21 9
17 B50-A50 $6,080.03 $13,712.07 $981.42 $14,693.49 $147,546.13 $6,432.18 $8,261.30 2.28 4.11% 7 27
18 B140-A50 $4,654.30 $15,137.80 $981.42 $16,119.22 $182,637.84 $7,951.36 $8,167.86 2.03 5.20% 24 6
19 B40-A50 $6,352.70 $13,439.40 $981.42 $14,420.82 $143,631.82 $6,262.54 $8,158.27 2.30 5.31% 5 30
20 B200-A25 $4,670.27 $15,121.83 $981.42 $16,103.25 $185,768.74 $8,044.00 $8,059.24 2.00 6.46% 26 7
21 B60-A75 $5,409.89 $14,382.21 $981.42 $15,363.63 $171,135.52 $7,463.38 $7,900.25 2.06 8.30% 19 18
22 B80-A75 $5,047.02 $14,745.08 $981.42 $15,726.50 $181,082.50 $7,892.54 $7,833.95 1.99 9.07% 23 12
23 B90-A75 $4,899.96 $14,892.14 $981.42 $15,873.56 $184,583.20 $8,043.29 $7,830.27 1.97 9.11% 25 10
24 B70-A75 $5,235.57 $14,556.53 $981.42 $15,537.95 $176,910.38 $7,711.96 $7,825.98 2.01 9.16% 22 16
25 B200-A50 $4,102.56 $15,689.54 $981.42 $16,670.96 $203,348.54 $8,851.33 $7,819.63 1.88 9.24% 30 2
26 B50-A75 $5,666.26 $14,125.84 $981.42 $15,107.26 $167,247.81 $7,295.80 $7,811.45 2.07 9.33% 17 22
27 B100-A75 $4,780.54 $15,011.56 $981.42 $15,992.98 $188,310.64 $8,203.65 $7,789.32 1.95 9.59% 27 8
28 B40-A75 $5,887.32 $13,904.78 $981.42 $14,886.20 $163,221.76 $7,121.42 $7,764.77 2.09 9.87% 14 25
29 B110-A75 $4,636.54 $15,155.56 $981.42 $16,136.98 $192,561.14 $8,389.72 $7,747.25 1.92 10.08% 28 5
30 B120-A75 $4,520.57 $15,271.53 $981.42 $16,252.95 $196,315.42 $8,552.40 $7,700.54 1.90 10.62% 29 4
31 B140-A75 $4,298.28 $15,493.82 $981.42 $16,475.24 $203,272.90 $8,854.65 $7,620.59 1.86 11.55% 31 3
32 B200-A75 $3,790.26 $16,001.84 $981.42 $16,983.26 $224,687.26 $9,784.63 $7,198.63 1.74 16.45% 32 1

Note: Plans 22 through 32 were eliminated from further consideration based on information presented in Secion 4.9.6.
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4.9.6 Induced Damages

During the plan refinement process, it was determined that implementing most of the NED Plan
scales eligible to be named the NED Plan will raise the WSELSs from probabilistic storm events
above levels expected without the project in place. Inducing higher WSELs above the WOP
condition can damage vulnerable property and habitable structures. Induced damages are
captured in the overall damage estimate for each plan scale, but are not readily apparent because
HED-FDA outputs are aggregated with damages reduced overshadowing damages induced.

An analysis of induced damages revealed all NED Plan scales performing within 10 percent of
the top net excess benefit producer, B60-A50, induce damages primarily downstream in the
middle stream segment between cross-sections 285+13 and 565+44. As shown in Table 4-8, the
scale combinations which include a 25-acre basin generally induce damages beginning at the
4 percent event. The scale combinations which include a 50-acre basin induce damages
beginning at the 2 percent event. The scale combination producing the highest net excess
benefits among those scales with 75-acre detention basins is B60-A75. B60-A75 induces
damages, but only above the 1 percent event.

Based on their rank order for net excess damages produced, the number of NED Plan scales was
truncated from 32 to 21 since B60-A75 was the highest-ranking NED Plan scale to have a 75-
acre basin and produce no damages at the 1 percent or more frequent event. Any lower ranking
NED Plan scale would have to induce no damage downstream to overcome its lack of net excess
benefit production to improve its rank order. This distinction was important for subsequent
evaluation of FEMA mitigation costs associated with identifying a NED Plan. Table 4-9
displays damages induced by the top 21 NED Plan scales and their rank order. The least cost
NED Plan scale B50-A25 ranks highest overall in induced damages. NED Plan scale B60-A75
induces the least damages. Overall the rank order for net excess benefit production of the NED
Plan scales did not change appreciably, demonstrating that induced damages would not likely
influence the identification of the NED Plan.
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Table 4-8:

Number of Structures Impacted by a Rise in Water Surface Elevation (WSEL) by

Annual Exceedance Probability (AEP) Event and NED Plan Scale

NED Plan Annual Exceedance Probability (AEP) Event
Scale 50% 20% 10% 4% 2% 1% 0.40% 0.20%
B50-A25 0 0 0 109 146 171 373 477
B60-A25 0 0 0 94 146 171 370 473
B70-A25 0 0 0 92 144 184 367 463
B80-A25 0 0 0 80 135 184 368 466
B90-A25 0 0 0 68 129 152 367 473
B100-A25 0 0 0 59 126 184 367 464
B110-A25 0 0 0 45 125 167 344 463
B120-A25 0 0 0 0 125 184 341 462
B140-A25 0 0 0 0 123 163 338 461
B200-A25 0 0 0 0 71 162 265 440
B40-A50 0 0 0 0 98 184 337 459
B50-A50 0 0 0 0 102 166 334 460
B60-A50 0 0 0 0 71 167 265 439
B70-A50 0 0 0 0 71 167 334 460
B80-A50 0 0 0 0 70 144 333 460
B90-A50 0 0 0 0 45 142 264 437
B100-A50 0 0 0 0 45 153 264 460
B110-A50 0 0 0 0 0 141 264 439
B120-A50 0 0 0 0 0 153 264 439
B140-A50 0 0 0 0 0 153 260 434
B60-A75 0 0 0 0 0 0 173 411
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2Q2013 (FY13) Structure Inventory Update, FY2014 Interest Rate of 3.5 Percent

Table 4-9:

Induced Damages of Top 21 NED Plan Scales

Present Worth
2013 Net Expected Equivalent Rank Order
Excess Annual Induced | Induced Damages Induced
Benefit Rank | NED Plan Scale Damages (x $1,000) Damages
1 B60-A50 $81.89 $1,920.88 13
2 B90-A25 $131.94 $3,094.84 6
3 B90-A50 $65.15 $1,528.05 19
4 B140-A25 $106.40 $2,495.58 9
5 B80-A25 $168.52 $3,952.79 4
6 B100-A25 $143.16 $3,357.99 5
7 B70-A25 $177.07 $4,153.28 3
8 B60-A25 $183.36 $4,300.77 2
9 B110-A25 $129.55 $3,038.57 7
10 B80-A50 $70.88 $1,662.64 16
11 B120-A25 $126.52 $2,967.70 8
12 B70-A50 $84.41 $1,980.00 12
13 B50-A25 $200.75 $4,708.70 1
14 B100-A50 $71.19 $1,669.80 15
15 B110-A50 $64.35 $1,509.38 20
16 B120-A50 $68.94 $1,616.99 17
17 B50-A50 $89.37 $2,096.22 11
18 B140-A50 $66.11 $1,550.76 18
19 B40-A50 $93.09 $2,183.43 10
20 B200-A25 $76.55 $1,795.61 14
21 B60-A75 $26.37 $618.59 21

3.50 percent interest rate

4.9.7 Reassessment of the Least Cost NED Plan Scale

The uncompensated cost of induced damages was added to the NED project cost estimate as a
negative externality. Table 4-10 demonstrates the outcome of the rank order of the NED Plan
scales that reasonably maximize net excess benefits. B60-A50 remains the NED Plan scale that
maximizes net excess benefits. B50-A25 maximizes net excess benefits within five percent of
the top net excess benefit performer and remains the least cost NED Plan scale. Including the
uncompensated induced damages to the economic cost of the NED Plan scales did not change
the identification of the NED Plan.
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Net Excess Benefits of NED Plan Scales

Table 4-10:

Including Uncompensated Induced Damages*

Net Excess Revised Difference in
Expected Project Cost Benefits with Rank Rank Net Excess
Annual with Induced Induced Order Net Order Benefits vs
NED Plan Induced Damages Damages Excess Least Top Performer
Scale Damages Included included in Cost | Benefits Cost (x $1,000)
B60-A50 $81.89 $6,677.92 $7,552.17 1 9 0.0%
B90-A25 $131.94 $6,494.46 $7,352.62 3 6 2.6%
B90-A50 $65.15 $7,229.05 $7,413.61 2 14 1.8%
B140-A25 $106.40 $7,257.01 $7,337.45 4 15 2.8%
B80-A25 $168.52 $6,381.32 $7,274.78 11 5 3.7%
B100-A25 $143.16 $6,665.00 $7,283.83 6 8 3.6%
B70-A25 $177.07 $6,210.86 $7,247.48 13 3 4.0%
B60-A25 $183.36 $5,969.62 $7,224.47 14 2 4.3%
B110-A25 $129.55 $6,834.58 $7,275.41 10 10 3.7%
B80-A50 $70.88 $7,087.25 $7,322.52 5 13 3.0%
B120-A25 $126.52 $6,988.11 $7,255.90 12 12 3.9%
B70-A50 $84.41 $6,924.86 $7,275.82 9 11 3.7%
B50-A25 $200.75 $5,820.93 $7,150.62 17 1 5.3%
B100-A50 $71.19 $7,392.29 $7,277.76 8 16 3.6%
B110-A50 $64.35 $7,567.51 $7,279.80 7 18 3.6%
B120-A50 $68.94 $7,727.68 $7,216.18 15 19 4.4%
B50-A50 $89.37 $6,521.55 $7,190.52 16 7 4.8%
B140-A50 $66.11 $8,017.48 $7,120.32 18 20 5.7%
B40-A50 $93.09 $6,355.63 $7,083.77 19 4 6.2%
B200-A25 $76.55 $8,120.56 $7,001.27 20 21 7.3%
B60-A75 $26.37 $7,489.75 $6,892.46 21 17 8.7%

*3.50 percent interest rate, 2Q13 price level

4.9.8 Mitigating Induced Damages

ER 1105-2-100 states in Section 3-3.b.(5) Induced Flooding:

“When a project results in induced damages, mitigation should be investigated and
recommended if appropriate. Mitigation is appropriate when economically justified or
there are overriding reasons of safety, economic or social concerns, or a determination of
a real estate taking (flowage easement, etc.) has been made. Remaining induced damages
are to be accounted for in the economic analysis and the impacts should be displayed and
discussed in the report.”

Plan B50-A25 “reasonably” maximizes net excess benefits at the least cost and could be

considered the NED Plan.

However, inspecting its performance indicates that, of the top 21

NED Plan scales evaluated, B50-A25 produces the highest induced damages downstream from
the project area. The AAEV of the induced damages for B50-A25 is $201,000 or $4.7 million in
present value equivalents at 3.5 percent interest. To economically justify full mitigation of these
induced damages, the cost for mitigation would need to be $4.7 million or less to reach parity
with the benefits realized.
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4.9.8.1 Economic Justification of Mitigation

Opportunities for mitigating induced damages in a cost effective manner are limited. Levee
construction along the middle stream segment would be cost-prohibitive and would serve to
further exacerbate the transfer of risk and damages further downstream. Increasing the detention
basin size is an option since opportunities may exist for economies of scale; and storage volume
upstream is a strong indicator of downstream impacts. By comparing the estimated costs for
B50-A25 and B50-A50 from Table 4-7, the difference in costs is approximately $17.5 million. It
is apparent that a larger detention increment is not economically justifiable as a mitigation
strategy since the cost for the next larger storage increment is greater than the $4.7 million in
present worth equivalent induced damages and would not fully mitigate the downstream impacts
from B50-A25 shown in Table 4-9.

With induced damages impacting structures at infrequent events, little expectation exists to
economically justify mitigating induced damages by nonstructural means. The low probability
of damages occurring diminishes their expected AAEV and consequently limits any economical
remedy.

4.9.8.2 Mitigation based on Safety, Economic or Social Concerns

Mitigating induced damages could be appropriate based on safety, economic or social concerns.
Transferring risk and damages to an area downstream from the project area on Hunting Bayou is
considered to be socially unacceptable by the non-federal sponsor, HCFCD, and it violates the
non-federal sponsor’s local policies to not induce damages at or below the 1 percent AEP event.
Inducing additional damages on a local population which has limited ability to respond to and
recover from catastrophic events is neither acceptable nor implementable.

However, minimizing disruption of neighborhoods is a study objective and displacing the
population to mitigate for induced damages using buyout as a mitigating measure violates a
study objective. A measure which would adhere to study objectives and potentially be less
costly with regard to mitigating induced damages is the implementation of B60-A75.

4.9.8.3 Mitigation based on a Determination of a Real Estate Taking

Inducing damages might constitute a real estate taking according to the Fifth Amendment
Takings Clause of the U.S. Constitution. If a legal real estate taking determination is made,
payment of just compensation to the property owner is required. The value of that compensation
would be included in the total project cost, which would influence not only its total cost but also
the net excess benefits attributable to that project. An Attorney’s Takings Opinion for B60-A75
has been completed, assessing the character of induced damages with regard to frequency,
extent, flooding depth, and damages incurred. The Attorney’s Takings Opinion concluded that
no additional property is required to be acquired by law for B60-A75 due to induced flooding.
Furthermore, it was determined that there is no policy reason to acquire additional land, as there
is no induced flooding due to B60-A75 for events up to and including the 1% AEP storm event.
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4.10 ldentification of the NED Plan

Even though B50-A25 induces the greatest damages downstream and violates other study
objectives, it best addresses the federal objective by reasonably maximizing net excess NED
benefits at the least cost. Therefore, B50-A25 is identified as the NED Plan.

4.10.1 Economic Performance of B50-A25

As the NED Plan scale which “reasonably” maximizes NED net excess benefits at least cost,
B50-A25 is, by definition, the NED Plan. B50-A25 is described by its economic performance
characteristics.

4.10.2 Economic Assets in the Residual Floodplain of B50-A25

The distribution of economic assets remaining at risk in the residual floodplain of B50-A25 is
shown in Table 4-11. Total structures at risk from a 0.2 percent AEP event along Hunting Bayou
decrease 45 percent from 7,329 to 3,998 by implementing B50-A25. Residential structures at
risk from the 0.2 percent AEP event are reduced from 6,616 to 3,506 in the B50-A25 With
Project condition.

An estimated 79 percent of the structures in the WOP condition 1 percent AEP floodplain would
experience reduced risk from a 1 percent AEP event by implementing B50-A25. Approximately
5,015 structures are currently exposed to the risk of a 1 percent AEP event. By implementing
B50-A25, structures at risk in the residual 1 percent AEP floodplain would drop to 1,089, of
which 942 are residential.

4.10.3 Single Occurrence Damages in the Residual Floodplain of B50-A25

Table 4-12 displays the single occurrence damages expected to occur in B50-A25’s residual
floodplain. Damages to economic assets are expected from a 0.2 percent AEP event would drop
about 38 percent to $168 million by implementing B50-A25. Damages to assets from a
1 percent event are expected to decline 67 percent to $53.1 million by implementing B50-A25.

4.10.4 Average Annual Equivalent Damages Reduced by Implementing B50-A25

Table 4-13 displays the AAEV damages reduced by B50-A25. Table 4-14 shows the AAEV
damages remaining in the residual 0.2 percent AEP floodplain of B50-A25. By implementing
B50-A25, AAEV damages are reduced by 65 percent over the WOP condition.
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B50-A25 With Project Condition

Table 4-11:
Economic Assets by Annual Exceedance Probability (AEP) Event

2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s

Bank to 50% | Bank to 20% | Bank to 10% | Bank to 4% | Bankto 2% | Bankto 1% | Bank to 0.4% | Bankto 0.2%
Floodplain | Floodplain | Floodplain | Floodplain | Floodplain | Floodplain Floodplain Floodplain
“2-Year” “5-Yeare” “10-Year” “25-Year” | “50-Year” | “100-Year” | “250-Year” “500-Year”
Residential Property
Number of Structures 0 5 30 162 417 942 2,033 3,506
Single-Family 0 5 30 161 368 815 1,841 3,212
Multi-Family 0 0 0 1 49 127 192 294
Mobile Homes 0 0 0 0 0 0 0 0
Distribution 0.0% 0.1% 0.9% 4.6% 11.9% 26.9% 58.0% 100.0%
Structure Value $0.00 $366.20 $1,723.84 $7,497.81| $16,597.59| $40,017.92 $72,210.41] $114,206.15
Content Value* $0.00 $183.10 $861.92 $3,729.05 $8,136.44| $18,948.39 $34,700.08 $55,219.81
Total Value $0.00 $549.30 $2,585.76| $11,226.86| $24,734.03| $58966.31| $106,910.49| $169,425.96
Commercial Property
Number of Structures 0 1 15 57 84 139 259 447
Distribution 0.0% 0.2% 3.4% 12.8% 18.8% 31.1% 57.9% 100.0%
Structure Value $0.00 $116.40 $12,700.48| $32,241.29| $42,182.69| $61,151.13| $101,397.80| $149,746.20
Content Value* $0.00 $195.55 $21,170.13| $53570.66| $64,528.71| $89,724.03| $149,189.58| $207,031.66
Total Value $0.00 $311.95 $33,870.61| $85,811.95| $106,711.40| $150,875.16| $250,587.38| $356,777.86
Public Property
Number of Structures 0 0 0 4 4 8 21 45
Distribution 0.0% 0.0% 0.0% 8.9% 8.9% 17.8% 46.7% 100.0%
Structure Value $0.00 $0.00 $0.00 $184.02 $184.02 $2,571.52 $3,967.29 $9,381.17
Content Value* $0.00 $0.00 $0.00 $209.78 $209.78 $2,931.53 $4,522.71 $10,694.53
Total Value $0.00 $0.00 $0.00 $393.80 $393.80 $5,503.05 $8,490.00 $20,075.70
Hospital Property
Number of Structures 0 0 0 0 0 0 0 0
Distribution 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Structure Value $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Content Value* $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Total Value $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Total Property
Number of Structures 0 6 45 223 505 1,089 2,313 3,998
Distribution 0.0% 0.2% 1.1% 5.6% 12.6% 27.2% 57.9% 100.0%
Structure Value $0.00 $482.60 $14,42432] $39,923.12| $58,964.30| $103,740.57| $177,57550| $273,333.52
Content Value* $0.00 $378.65 $22,032.05] $57,509.49| $72,874.93| $111,603.95| $188,412.37| $272,946.01
Total Value $0.00 $861.25 $36,456.37| $97,432.61| $131,839.23| $215,344.52| $365,987.87| $546,279.53
Passenger Vehicles
Number of Vehicles 0 6 40 170 401 874 1,973 3,445
Distribution 0.0% 0.2% 1.2% 4.9% 11.6% 25.4% 57.3% 100.0%
Vehicle Value $0.00 $33.44 $264.23 $1,072.84 $2,736.67 $6,662.10 $14,457 .42 $26,641.10
Total Roads
Roadway Lengths
(Miles) 1 2 7 9 12 19 37 50
Distribution 2.0% 4.0% 14.0% 18.0% 24.0% 38.0% 74.0% 100.0%
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Table 4-12:
Single Occurrence Damages by Annual Exceedance Probability (AEP) Event
B50-A25 Project Condition
2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s

50% 20% 10%e 4% 2% 1% 0.40% 0.20%
“2-Year” | “5-Year” | “10-Year” | “25-Year” | “50-Year” | “100-Year” | “250-Year” | “500-Year”

Structure Damage

Residential Property $0.00 $118.61 $837.31| $2,618.07 $5,512.77| $11,635.14 $20,824.07| $33,218.08
Commercial Property $0.00 $8.10 $568.49 | $2,250.53 $3,096.98 $4,505.58 $8,239.13| $12,745.13
Public Property $0.00 $0.00 $1.95 $28.11 $36.91 $102.23 $397.29 $1,058.62
Hospital $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $131.52
Content Damage
Residential Property $0.00 $78.91 $515.23| $1,661.81 $3,387.94 $6,722.11 $12,240.25| $19,076.47
Commercial Property $0.00 $29.36| $2,404.29( $9,833.05| $13,692.56 | $19,616.86 $36,177.38| $57,939.00
Public Property $0.00 $0.00 $0.00 $9.34 $22.84 $67.12 $299.95 $1,057.76
Hospital $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Totals
Residential Property $0.00 $197.52| $1,352.54( $4,279.87 $8,900.71| $18,357.25 $33,064.32| $52,294.54
Commercial Property $0.00 $37.46| $2,972.79( $12,083.58| $16,789.53 | $24,122.44 $44,416.51| $70,684.13
Public Property $0.00 $0.00 $1.95 $37.45 $59.75 $169.35 $697.24 $2,116.39
Hospital $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $131.52
Total Property Damages $0.00 $234.98 | $4,327.27 | $16,400.90 | $25,750.00 | $42,649.04 $78,178.08| $125,226.58
Post Disaster Costs $0.00 $222.37 $993.95| $3,348.91 $5,766.85 $8,157.60 $18,461.17| $33,206.67
Road Damages $9.87 $35.34 $90.55 $331.71 $491.44 $622.96 $1,047.93 $1,424.31
Utility Damages $0.00 $5.40 $24.16 $81.59 $140.60 $198.93 $448.95 $807.54
Vehicle Damages $0.00 $2.62 $43.85 $273.73 $542.80 $1,440.90 $3,449.63 $7,585.73
Total by Event $9.87 $500.71| $5,479.78 | $20,436.85| $32,691.69| $53,069.43| $101,585.75| $168,250.83
Percent Distribution
Residential Property 0.00% 39.45% 24.68% 20.94% 27.23% 34.59% 32.55% 31.08%
Commercial Property 0.00% 7.48% 54.25% 59.13% 51.36% 45.45% 43.72% 42.01%
Public Property 0.00% 0.00% 0.04% 0.18% 0.18% 0.32% 0.69% 1.26%
Hospital 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.08%
Post Disaster Costs 0.00% 44.41% 18.14% 16.39% 17.64% 15.37% 18.17% 19.74%
Road Damages 100.00% 7.06% 1.65% 1.62% 1.50% 1.17% 1.03% 0.85%
Utility Damages 0.00% 1.08% 0.44% 0.40% 0.43% 0.37% 0.44% 0.48%
Vehicle Damages 0.00% 0.52% 0.80% 1.34% 1.66% 2.72% 3.40% 4.51%
Total by Event 100.00%| 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
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B50-A25 Project Condition

Table 4-13:
Distribution of Average Annual Equivalent Value (AAEV) Damages Reduced by Reach

2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s
FY2014 Interest Rate — 3.50 Percent

Post- Percent
Reaches Residential | Commercial | Public [ Hospital | Disaster | Road | Utility | Vehicle Total Distribution
D $0.00 $0.00 $0.00 $0.00 $0.00 | -$0.01| $0.00 $0.00 -$0.01 0.0%
H $0.00 $0.00 $0.00 $0.00 $0.00 $0.00| $0.00 $0.00 $0.00 0.0%
L $0.17 $0.00 $0.00 $0.00 $0.00 $0.02| $0.00 $0.01 $0.20 0.0%
M $3.21 $0.42 $0.03 $0.00 $0.83 $0.03| $0.02 $0.46 $5.00 0.0%
(0] $0.63 $0.00 $0.05 $0.00 $0.00 $0.00| $0.00 $0.08 $0.76 0.0%
P $0.35 $0.47 $0.00 $0.00 $0.00 $0.00| $0.00 $0.03 $0.85 0.0%
R-Left $5.09 $59.89 $0.00 $0.00 $1.71 $0.13| $0.04 $0.12 $66.98 0.5%
R-Right $31.19 $48.22 $0.14 $0.00 $6.37 $0.50| $0.16 $2.85 $89.43 0.7%
T-Left $46.08 $0.33 $0.00 $0.00 $10.99 $0.39| $0.27 $1.97 $60.03 0.5%
T-Right $142.90 $0.82 $1.07 $0.00( $51.61 $0.83] $1.25( $11.86| $210.34 1.6%
U-Left $1.87 $0.92 $0.00 $0.00 $0.00 $0.01| $0.00 $0.05 $2.85 0.0%
U-Right $33.80 $0.00 $0.00 $0.00 $7.43 $0.00| $0.18 $1.28 $42.69 0.3%
\ $0.00 $2.21 $0.00 $0.00 $0.00 $0.00| $0.00 $0.00 $2.21 0.0%
X $9.17 $22.79 $0.00 $0.00 $3.85 $0.37| $0.09 $0.59 $36.86 0.3%
z $21.58 $34.52 $0.41 $0.00 $9.34 $0.48| $0.22 $0.16 $66.71 0.5%
AE $1.26 $363.75 $0.00 $0.00 $3.34 $2.33| $0.08 $0.21| $370.97 2.9%
AF $16.04 $142.68 $0.20 $0.00 $15.54 $3.20| $0.38 $0.66 $178.70 1.4%
AG $18.13 $6.06 $0.02 $0.00 $1.73 $0.66| $0.04| -$0.62 $26.02 0.2%
AH $1.87 $30.47 $0.00 $0.00 $0.76 $1.95| $0.02 $0.15 $35.22 0.3%
Al $147.87 $459.68 $21.57 $0.00( $73.05 $9.20| $1.78| $11.29| $724.44 5.6%
AL $232.78 $436.80 $7.78 $0.00( $154.89 $9.48| $3.77| $47.33| $892.83 6.9%
AP $2,765.68 $667.32 [$227.21| $702.09|%$2,317.76 | $60.04| $56.37 | $520.60| $7,317.07 56.4%
AZ $1,179.26 $484.85 $84.37 $0.00| $881.37 | $49.61| $21.70| $140.22| $2,841.38 21.9%
Total $4,658.93 | $2,762.20 |$342.85( $702.09 | $3,540.57 | $139.22]| $86.37 | $739.30]$12,971.53| 100.0%
Percent
Distribution 35.9% 21.3% 2.6% 5.4% 27.3% 1.1%| 0.7% 5.7% 100.0%
Colors designate lower, middle, and upper stream segments
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Table 4-14:
Distribution of Average Annual Equivalent Value (AAEV) Residual Damages by Reach
B50-A25 Project Condition
2Q2013 (FY13) Structure Inventory Update and Values in $1,000- ’s
FYZ2014 Interest Rate — 3.50 Percent

Post- Percent

Reaches Residential | Commercial | Public | Hospital | Disaster| Road | Utility | Vehicle | Total |Distribution
D $0.00 $0.00] $0.00 $0.00 $0.00| $0.86| $0.00 $0.00 $0.86 0.0%
H $0.00 $0.00] $0.00 $0.00 $0.00| $0.06| $0.00 $0.00 $0.06 0.0%
L $2.89 $0.00] $0.00 $0.00 $0.00| $0.30| $0.00 $0.14 $3.33 0.0%
M $39.29 $7.07] $0.45 $0.00 $7.97| $0.55| $0.19 $6.96| $62.48 0.9%
O $3.62 $0.00| $0.22 $0.00 $0.00| $0.00( $0.00 $0.40 $4.24 0.1%
P $1.82 $2.40| $0.00 $0.00 $0.00| $0.15| $0.00 $0.13 $4.50 0.1%
R-Left $20.01 $239.25| $0.00 $0.00 $6.41| $0.98| $0.16 $0.56| $267.37 3.9%
R-Right $126.30 $186.34| $0.55 $0.00| $27.63| $2.68| $0.67| $11.55 $355.72 5.2%
T-Left $150.88 $1.06] $0.00 $0.00| $34.66| $1.29( $0.84 $6.18| $194.91 2.9%
T-Right $525.86 $2.68] $3.93 $0.00| $198.62| $3.32| $4.83| $39.89| $779.13 11.4%
U-Left $6.03 $2.91| $0.00 $0.00 $0.00| $0.05| $0.00 $0.15 $9.14 0.1%
U-Right $112.64 $0.00| $0.00 $0.00| $22.98] $0.00| $0.56 $3.96| $140.14 2.1%
\% $0.00 $8.08] $0.00 $0.00 $0.00| $0.00( $0.00 $0.00 $8.08 0.1%
X $37.08 $104.56| $0.00 $0.00| $14.41| $2.44| $0.35 $2.42| $161.26 2.4%
z $81.89 $124.85| $2.16 $0.00| $29.01| $1.63| $0.71 $2.07| $242.32 3.6%
AE $5.09 $1,957.68| $0.01 $0.00| $11.49] $10.05( $0.28 $1.01 | $1,985.61 29.1%
AF $67.10 $713.33] $2.95 $0.00| $52.62| $11.89| $1.28 $4.09| $853.26 12.5%
AG $80.59 $61.85| $0.62 $0.00 $9.12| $2.79| $0.22 $2.14| $157.33 2.3%
AH $0.86 $13.65| $0.00 $0.00 $0.31] $1.53| $0.01 $0.07| $16.43 0.2%
Al $35.27 $91.36| $4.18 $0.00| $15.61| $3.62| $0.38 $1.62| $152.04 2.2%
AL $36.68 $66.60| $0.86 $0.00| $24.35| $3.18| $0.59 $4.58| $136.84 2.0%
AP $444.81 $81.28| $27.27| $48.11| $365.14| $11.11| $8.88( $56.28( $1,042.88 15.3%
AZ $89.10 $37.14| $7.28 $0.00| $93.01| $8.26| $2.31 $5.54| $242.64 3.6%
Total $1,867.81 $3,702.09| $50.48| $48.11| $913.34| $66.74| $22.26| $149.74| $6,820.57 100.0%
Percent

Distribution 27.4% 54.3%| 0.7% 0.7%| 13.4%]| 1.0%| 0.3% 2.2%| 100.0%

Colors designate lower, middle, and upper stream segments

4.11 Determining the Tentatively Selected Plan (TSP), 2013

The NED Plan met the federal objective, but failed to adequately meet the other stated planning
study objectives for reducing flood risk to a socially vulnerable population. Other factors
described below contributed to naming the non-federal sponsor’s, HCFCD, Locally Preferred
Plan and subsequently to identifying the TSP.

4.11.1 Compliance with FEMA Requirements

The Memorandum, “Federal Emergency Management Agency (FEMA)/USACE Joint Actions
on Planning for Flood Risk Management Projects,” signed on June 2012, addresses the
requirement to perform mitigation when proposed USACE flood-risk reduction projects increase
the Base Flood Elevation (BFE) (1 percent annual chance event). National Flood Insurance
Program (NFIP) regulations, found in 44 CFR 65.12, require revisions to flood insurance rate
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maps to reflect BFE and/or floodway changes caused by encroachments permitted by an NFIP
participating community. Once the area subject to map revision has been defined, the
community must certify to the Federal Flood Insurance Administrator that no structures are
impacted by the increase to the BFE in order to maintain the community’s participation in the
NFIP. Mitigation for all structures impacted is a necessary cost for the local community in
association with project implementation and realization of federal project benefits. This action
could be considered an NED associated cost.

If B50-A25 or any other NED Plan scale that induced damages by raising the BFE were to be
implemented, NFIP regulation would require the non-federal sponsor, HCFCD, to mitigate the
induced damages within the 1 percent AEP flood hazard area. Options for structural mitigation
are limited by the same factors limiting mitigation for induced damages as described in Section
4.9.8. One structural measure by which all induced damages would be fully mitigated at the 1
percent AEP event is the construction of B60-A75, since NED Plan scale B60-A75 does not
induce damages at the 1 percent AEP or more frequent events.

A comparison of nonstructural buyout of impacted structures versus constructing B60-A75 as a
mitigating NED Plan scale was made and is displayed in Table 4-15. For all but two NED Plan
scales, B60-A25 and B50-A25, implementing B60-A75 is the least cost mitigation option.
Buyout is less costly for B60-A25 and B50-A25. Buyout for either B60-A25 or B50-A25 would
involve acquiring 171 residential and commercial properties.
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Table 4-15:
NED Plan Scale Economic Performance with Uncompensated Induced Damages and FEMA/NFIP Least Cost Mitigation Included

2Q13 (FY 2013 Price Level, FY2014 Interest Rate of 3.5 Percent

WOP $19,792.10
B60-A50 $5,562.01| $14,230.09 $981.42 $15,211.51 | $151,345.80 $6,596.02 $81.89 $6,677.92 $156,634.72 $7,552.17 1 9 0.0% 167 $35,481.10 $19,042.06 B60-A75 $175,676.77
B90-A25 $5,945.02| $13,847.08 $981.42 $14,82850 | $147,070.47 $6,362.52 $131.94 $6,494.46 $152,331.64 $7,352.62 3 6 2.6% 152 $31,069.61 $23,345.13 B60-A75 $175,676.77
B90-A50 $5,149.44]1 $14,642.66 $981.42 $15,624.08 $164,509.92 $7,163.91 $65.15 $7,229.05 $169,561.89 $7,413.61 2 14 1.8% 142 $28,721.60 $6,114.88 B60-A75 $175,676.77
B140-A25 $5,197.64| $14,594.46 $981.42 $15,575.88 | $165,212.99 $7,150.61 $106.40 $7,257.01 $170,217.54 $7,337.45 4 15 2.8% 163 $35,044.08 $5,459.23 B60-A75 $175,676.77
B80-A25 $6,136.00| $13,656.10 $981.42 $14,637.52 | $143,594.25 $6,212.79 $168.52 $6,381.32 $149,677.72 $7,274.78 11 5 3.7% 184 $37,722.95 $25,999.05 B60-A75 $175,676.77
B100-A25 $5,843.27| $13,948.83 $981.42 $14,930.25 | $150,772.97 $6,521.84 $143.16 $6,665.00 $156,331.74 $7,283.83 6 8 3.6% 184 $37,722.95 $19,345.03 B60-A75 $175,676.77
B70-A25 $6,333.76| $13,458.34 $981.42 $14,439.76 | $139,459.70 $6,033.79 $177.07 $6,210.86 $145,679.45 $7,247.48 13 3 4.0% 184 $37,722.95 $29,997.32 B60-A75 $175,676.77
B60-A25 $6,598.01| $13,194.09 $981.42 $14,175.51 $133,710.30 $5,786.26 $183.36 $5,969.62 $140,021.01 $7,224.47 14 2 4.3% 171 $34,589.54 $35,655.76 BUYOUT $174,610.55
B110-A25 $5,682.11| $14,109.99 $981.42 $15,091.41 $154,955.70 $6,705.04 $129.55 $6,834.58 $160,309.33 $7,275.41 10 10 3.7% 167 $35,481.10 $15,367.44 B60-A75 $175,676.77
B80-A50 $5,382.33| $14,409.77 $981.42 $15,391.19 | $161,084.70 $7,016.36 $70.88 $7,087.25 $166,235.74 $7,322.52 5 13 3.0% 144 $29,495.00 $9,441.03 B60-A75 $175,676.77
B120-A25 $5,548.09| $14,244.01 $981.42 $15,225.43 | $158,566.03 $6,861.59 $126.52 $6,988.11 $163,910.47 $7,255.90 12 12 3.9% 184 $37,722.95 $11,766.30 B60-A75 $175,676.77
B70-A50 $5,591.42] $14,200.68 $981.42 $15,182.10 $157,022.56 $6,840.45 $84.41 $6,924.86 $162,426.94 $7,275.82 9 11 3.7% 167 $35,481.10 $13,249.83 B60-A75 $175,676.77
B50-A25 $6,820.55| $12,971.55 $981.42 $13,952.97 $129,858.40 $5,620.19 $200.75 $5,820.93 $136,533.61 $7,150.62 17 1 5.3% 171 $34,589.54 $39,143.16 BUYOUT $171,123.15
B100-A50 $5,122.05] $14,670.05 $981.42 $15,651.47 | $168,162.65 $7,321.10 $71.19 $7,392.29 $173,390.69 $7,277.76 8 16 3.6% 153 $32,702.18 $2,286.09 B60-A75 $175,676.77
B110-A50 $4,944.79] $14,847.31 $981.42 $15,828.73 $172,318.55 $7,503.16 $64.35 $7,567.51 $177,500.58 $7,279.80 7 18 3.6% 141 $28,129.06 -$1,823.81 B60-A75 $175,676.77
B120-A50 $4,848.24] $14,943.86 $981.42 $15,925.28 | $175,906.01 $7,658.74 $68.94 $7,727.68 $181,257.44 $7,216.18 15 19 4.4% 153 $32,702.18 -$5,580.67 B60-A75 $175,676.77
B50-A50 $6,080.03| $13,712.07 $981.42 $14,69349 | $147,546.13 $6,432.18 $89.37 $6,521.55 $152,967.09 $7,190.52 16 7 4.8% 166 $35,458.60 $22,709.68 B60-A75 $175,676.77
B140-A50 $4,654.30| $15,137.80 $981.42 $16,119.22 | $182,637.84 $7,951.36 $66.11 $8,017.48 $188,054.84 $7,120.32 18 20 5.7% 153 $32,702.18 -$12,378.07 B60-A75 $175,676.77
B40-A50 $6,352.70| $13,439.40 $981.42 $14,420.82 | $143,631.82 $6,262.54 $93.09 $6,355.63 $149,075.27 $7,083.77 19 4 6.2% 184 $37,722.95 $26,601.50 B60-A75 $175,676.77
B200-A25 $4,670.27| $15,121.83 $981.42 $16,103.25 | $185,768.74 $8,044.00 $76.55 $8,120.56 $190,472.68 $7,001.27 20 21 7.3% 162 $34,956.21 -$14,795.91 B60-A75 $175,676.77
B60-A75 $5,409.89| $14,382.21 $981.42 $15,363.63 | $171,135.52 $7,463.38 $26.37 $7,489.75 $175,676.77 $6,892.46 21 17 8.7% 0 $0.00 $0.00 $175,676.77
Draft General Reevaluation Report and Integrated Environmental Assessment (GRR/EA) 4-30

Hunting Bayou Flood Risk Management Project




4.11.2 Meeting Study Objectives

The study objectives for the Hunting Bayou Federal Flood Risk Management Study are as
follows.

= Reduce residential and business flood risk due to riverine flooding to a socially vulnerable
population along Hunting Bayou from its mouth to US 59.

The study area has been established as an area of social vulnerability having a high minority
population with limited economic resources and having a demographic profile comprised of
more younger and older residents than in Harris County as a whole.

= Minimize adverse effects from implementing flood risk reduction measures on existing
neighborhoods and wildlife habitat.

Minimizing adverse effects from implementing flood risk reduction measures on existing
neighborhoods is an important study objective. Community concern over residential and
other population displacements was expressed repeatedly in public outreach sessions.
Social anxiety over the ability to relocate in the same neighborhood, the extreme difficulty,
if not impossibility, of relocating elderly or ill community members and other constraints on
relocation including cost, warranted a close review when evaluating required displacements.

= Provide FRM to structures and infrastructure in the Hunting Bayou watershed without
increasing the potential for flooding in other areas.

As part of their agency’s mission, the non-federal sponsor, HCFCD, has adopted policies
and practices stipulating new residential, commercial, industrial or other land development
must include measures to assure no adverse impact to the surrounding area’s WSELS. This
requirement is in line with FEMA/NFIP requirements for full mitigation from an NFIP-
participating community’s permit of a rise in the BFE in that the local community must
certify that no structures are impacted by the proposed increase in the BFE.

= Maintain and protect community cohesiveness for the residents living within Hunting Bayou
watershed.

This study objective is similar to minimizing adverse effects from implementing flood risk
reduction measures on existing neighborhoods with the intent to minimize displacements
which tear at the community’s social fabric.

4.11.3 Comparing the NED Plan Scales, B50-A25 and B60-A75 and the
1990 Authorized Plan

“Economic and Environmental Principles and Guidelines for Water and Related Land Resources
Implementation Studies (P&G),” 1983, define four evaluation criteria for formulating
alternatives: completeness, effectiveness, efficiency and acceptability. These criteria were
applied to a comparison of the designated NED Plan and to the non-federal sponsor’s, HCFCD,
preferred alternative to the NED Plan, B60-A75. The NED Plan scale B50-A25 is compared
against B60-A75 and the Authorized Plan for project performance and for meeting study
objectives.
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4.11.3.1 Completeness

Completeness is the extent to which a given plan provides and accounts for all necessary
investments or other actions to ensure the planned effects are realized. The expected project
effects that are attributed to the TSP, the NED Plan, or the Authorized Plan are realized with
implementation of their respective project features. The structural measures of channel
modification, bridge replacement, and offline detention for the TSP and the NED Plan are
sufficient to realize the NED benefits claimed. No other actions, programs, or features are
required in order to realize the economic and life, health, and safety effects attributed to the NED
Plan or the TSP. The project features of the Authorized Design as authorized and described in
Section 1.5 are sufficient to produce the effects claimed. Therefore, there is no difference in
completeness with regard to implementation of the TSP, the NED Plan, or the Authorized Plan.

However, while B50-A25 reasonably maximizes net excess benefits at least cost, B50-A25 also
produces the least amount of AAEV inundation reduction benefits, $12.9 million, (65 percent
over WOP) ranking last within the 32 NED Plan scale array. B60-A75 reduces AAEV
inundation damages by $14.4 million, or 73 percent over the WOP condition. This is an
important consideration for the study objective of providing flood risk management to a socially
vulnerable population because greater residual damages are associated with B50-A25 than for
B60-A75. These residual damages will be experienced by a resident population with limited
resources for response and recovery.

The Authorized Design reduces WOP condition AAEV inundation damages by 99 percent.
When assessing the sole objective of flood damage reduction without regard for environmental
or social impacts, the 1990 Authorized Plan is nearly perfect in its FRM performance.

4.11.3.2 Acceptability

Acceptability is the workability and viability of the alternative plan with respect to acceptance by
state and local entities and the public, and compatibility with existing laws, regulations and
public policies. Study objectives were to minimize adverse effects from implementing flood risk
reduction measures on existing neighborhoods and to maintain community cohesiveness. The
operational metric for that objective was the number of displacements necessary to implement a
plan.

Table 4-16 shows the displacements required from implementing the NED Plan, B60-A75 or the
1990 Authorized Plan under current conditions.

The 1990 Authorized Plan would require displacing 125 residential units and 15 commercial
businesses directly impacting an estimated 316 residents based on ROW acquisition needs.

B60-A75 would require 70 displacements impacting an estimated 167 persons. Of the
70 displacements, 66 are residential and 4 are nonresidential.

The NED Plan B50-A25 would require 240 displacements, of which 171 would occur in the
middle stream reach to comply with FEMA/NFIP regulations.

Of these FEMA/NFIP compliance displacements, 86 are residential structures housing an
estimated 218 residents. In total, buyout and relocation due to implementing the NED Plan B50-
A25 would directly impact approximately 380 residents along Hunting Bayou.

Draft General Reevaluation Report and Integrated Environmental Assessment (GRR/EA) 4-32
Hunting Bayou Flood Risk Management Project



Table 4-16:
Displacements by Plan for Project Construction (Not structure acquisitions)

Single Multifamily
Family Residential
Plan Reason Residential | (4 units/ea) [ Commercial [ Religious [ Industrial [ Total Residents
ROW 57 8 2 1 1 69 164
B50-A25 —
Rise in BFE™ 86 85 171 218
B60-A75 ROW 58 8 2 1 1 70 167
Authorized ROW 115 10 15 0 0 140 316
Design

"1 FEMA requires certification that no structures are impacted by rise in BFE due to project implementation. Buyout is lease cost option for
FEMA mitigation.

The NED Plan scale B50-A25 induces the greatest damages downstream from the project area
among the top NED Plan scales and violates local policy of “no adverse impact” at the 1 percent
AEP or more frequent events. NED Plan scale B50-A25, in effect, transfers some flood risk
from the upper stream segment to the middle stream segment with its implementation. To
mitigate for the rise in the BFE from implementing B50-A25, the non-federal sponsor, HCFCD,
and local communities will be required to fully mitigate for structures impacted and to certify to
the National Floodplain Administrator that no structures are impacted by the change to the BFE.
To mitigate for these impacts, 171 residential and commercial structures will be subjected to
buyout and relocation as a least cost mitigating measure for implementing B50-A25, the
designated NED Plan. This requirement is unacceptable to the local community regarding
disrupting community cohesiveness by displacing the resident population.

B60-A75 does not induce damages downstream at the 1 percent or more frequent event.
Therefore, no mitigation of downstream effects is required for FEMA/NFIP compliance.

While the 1990 Authorized Plan does not induce damages downstream by design, it still requires
over 300 persons be displaced for implementation.

Neither the 1990 Authorized Plan nor B50-A25 is implementable by the non-federal sponsor,
HCFCD, based on the number of population displacements required for implementation.

4.11.3.3 Effectiveness

Effectiveness is the extent to which a plan alleviates the specified problems and achieves
the specified opportunities. The operational metric for effectiveness was the extent to which
flood risk was reduced while minimizing associated consequences or impacts.

Overall the NED Plan scale B60-A75 better addresses study objectives than the designated
NED Plan B50-A25. B60-A75 reduces flood damages to a greater extent than B50-A25 without
transferring risk downstream to the extent B50-A25 does. In addition, NED Plan scale B60-A75
produces the least induced damages among the NED Plan scales that “reasonably” maximize net
excess benefits. No mitigation of downstream impact would be required since implementing
B60-A75 does not cause the BFE to rise in the 1 percent or more frequent AEP event and would
therefore be less disruptive to the local neighborhoods and surrounding community. NED Plan
scale B60-A75 would require 70 displacements in total, compared to the 240 required for B50-
A25 implementation from project construction and mitigating downstream impacts.
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The 1990 Authorized Plan is highly effective when assessing its flood risk reduction
performance. The 1990 Authorized Plan reduces 99 percent of the WOP condition flood
damages. However, the extent of the environmental and local community impacts associated
with its implementation has made the 1990 Authorized Plan unimplementable by the non-federal
sponsor, HCFCD.

4.11.3.4 Efficiency

Efficiency is the extent to which an alternatives plan is the most cost effective means to alleviate
the specified problems and realize the specified opportunities, consistent with protecting the
nation’s environment.

NED Plan scale B50-A25 produces the greatest net excess benefits at least cost. However, to
implement B50-A25, the non-federal sponsor, HCFCD, will be required to mitigate for the
structures impacted by the scale’s downstream impact of raising the BFE. The least cost
mitigation measure of buying out the 171 structures impacted by a rise in the BFE is
approximately $34.5 million, which increases the overall cost to implement B50-A25 to an
estimated $171 million, about $5 million less than the $176 million estimated to construct
B60-A75.

NED Plan scale B60-A75 reasonably maximizes net excess benefits, but not at least cost.

The 1990 Authorized Plan was not cost effective when compared against an economically
optimized alternative in the Final Array of Alternatives evaluation in Section 4.6. The 1990
Authorized Plan failed to compete successfully for net excess benefit production under current
watershed conditions.

4.11.4 Elimination of the Remaining NED Plan Scales

All other plan scales within the 32 NED Plan scale array, apart from B50-A25 and B60-A75, fail
to meet key study objectives and are dismissed from further detailed evaluation in the GRR/EA.
For detailed impact assessment, subsequent sections of this document will further evaluate and
assess the B60-A75 and B50-A25 plan scales, the 1990 Authorized Plan and the No Action
Alternative.

Council on Environmental Quality regulations at 40 CFR 1502.14 stipulate all reasonable
alternatives should be explored and evaluated, as has been accomplished with the multiple plan
scales. However, this regulation section also provides for “alternatives which (are) eliminated
from detailed study, briefly discuss the reasons for their having been eliminated.” Consequently,
the NEPA regulations do not specify a floor or ceiling regarding how many alternatives must be
carried into detailed analysis (for a specific ruling on this matter see Native Ecosystems Council
v. U.S. Forest Service No. 04-35274. U.S. Court of Appeals, 9th Circuit 428F3d. 2005 which
upheld a Forest Service decision to provide a detailed analysis for only two alternatives—the
preferred alternative and No Action Alternative—in an environmental assessment.)

It is reasonably believed that a more detailed evaluation of the two plan scales which reasonably
maximize benefits and the 1990 Authorized Plan along with the No Action Alternative is
appropriate for this GRR/EA.

Draft General Reevaluation Report and Integrated Environmental Assessment (GRR/EA) 4-34
Hunting Bayou Flood Risk Management Project



4.11.5 Refinement of Project Costs

MII cost estimates were developed for two NED Plan scales, B50-A25 and B60-A75, and are
shown in Table 4-17. The 1990 Authorized Plan was also brought to current prices, discount rate
and period of analysis. The first cost of the Authorized Design was escalated to current prices
using EM 1110-2-1304 with 2Q88 and 2Q13 quarterly composite indices and then adjusted using
the FY14 discount rate of 3.50 percent and 50-year period of analysis. Table 4-17 displays the
1990 Authorized Plan at the authorized cost and at current cost.

> > > >
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Table 4-17:
Cost Estimates for NED Plan Scales B50-A25 and B60-A75 and 1990 Authorized Plan
B50A25 B50A25 B60A75 B60A75 Authorized | Authorized
3.50% 7% 3.50% 7% Plan 2 Plan®
Price Level Jan-13 Jan-13 Jan-13 Jan-13 Jan-88 Jan-13
Interest Rate 0.035 0.07 0.035 0.07 0.08625 0.035
Period of Analysis, years 50 50 50 50 100 50
Flood Control (includes Mitigation) — First Cost *
GRR Study $9,334,488 $9,334,488 $9,334,488 $9,334,488
Lands and Damages, Relocations $67,764,915 $67,764,915 $74,085,922 | $74,085,922
PED and Construction Management $17,247,431 $17,247,431 $19,142,431 | $19,142,431
Construction $21,142,814 $21,142,814 $28,755,459 | $28,755,459
Construction Contingency $19,427,083 $19,427,083 $23,001,328 | $23,001,328
Total First Cost $134,916,730 $134,916,730 | $154,319,628 | $154,319,628 | $59,581,000 | $125,523,114
IDC $26,665,001 $56,343,556 $28,535,540 | $64,853,813
Uncompensated NED Losses $4,708,700 $2,770,489 $618,590 $363,964
Recreation First Cost * n/a n/a n/a n/a $441,000 $929,083
Total Economic Cost $166,290,431 $194,030,775 | $183,473,758 | $219,537,405 | $60,022,000 | $126,452,197
AAEV Total First Cost
Flood Control $7,089,578 $14,059,441 $7,822,167 | $15,907,647 | $5,870,000 $5,351,516
Recreation n/a n/a n/a $62,000 $39,610
AAEV Operations & Maintenance (O&M)
Flood Control $123,896 $123,896 $168,756 $168,756 $193,200 $95,475
Recreation n/a n/a n/a n/a $17,100 $8,450
AAEV Total NED Cost $7,213,474 $14,183,337 $7,990,923 $16,076,403 | $6,142,300 $5,495,052
AAEV Total NED Benefits
Flood Control $13,952,966 $13,952,966 $15,363,566 | $15,363,566 | $59,919,000 | $29,610,633
Recreation n/a n/a n/a n/a $336,400 $166,241
BCR
Flood Control 1.93 0.98 1.92 0.96 10.2 5.39
Recreation n/a n/a n/a 4.25 3.46
AAEV Net Excess Benefits
Flood Control $6,739,492 ($230,371) $7,372,643 ($712,837) | $54,049,000 | $24,115,581
Recreation n/a n/a n/a n/a $274,400 $157,791
: MII cost estimate for B50-A25 and B60-A75
The authorized data is taken from Buffalo Bayou and Tributaries, Texas Feasibility Report, House Document 101-208 (1990).
Updated based on EM1110-2-1304
Non-federal sponsor, HCFCD, is not exercising its recreational authority at the present time.
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The project costs for B50-A25 and B60-A75 were developed using the MII cost estimator
program and adhere to COE policy and practices for cost estimation. The costs for the two NED
Plan scales, when compared against the estimated AAEV economic benefits, produce results
which are somewhat different from the planning level estimates. The total first cost for
construction is estimated to be $134.9 million for the NED Plan scale B50-A25 and $154.3
million for B60-A75, a $19.5 million difference.

While B50-A25 still costs less, B60-A75 produces greater net excess benefits than B50-A25 at a
3.5 percent interest rate. The difference between net excess benefit production is 9 percent lower
for B50-A25 than for B60-A75. Table 4-18 compares the overall performance characteristics of
the NED Plan scale B50-A25, B60-A75 and the 1990 Authorized Plan.

Table 4-18:
Project Performance for NED Plan Scales B50-A25 and B60-A75,
and the 1990 Authorized Plan
3.5 percent interest rate, 2(Q)13 price levels, 2013 conditions

No Action Difference between
Alternative NED Plan Scales NED Plan Scales 1990
B60-A75 B50-A25 B60-A75 minus Authorized

Performance Variables WOP TSP NED Plan B50-A25 Design
Structures with Reduced Risk over the No Action Alternative
from 0.2 percent flood event 0 4,287 3,331 +956 7,062
from 1 percent flood event 0 4,465 4,021 +444 5,093
Residential Structures with Reduced Risk over the No Action Alternative
from 0.2 percent flood event 0 3,971 3,110 +861 6,376
from 1 percent flood event 0 4,061 3,672 +389 4,597
Population with Reduced Risk over the No Action Alternative
from 0.2 percent flood event 0 10,047 7,868 +2,178 16,131
from 1 percent flood event 0 10,274 9,290 +984 11,630
Single Occurrence Damages in $1,000s
from 0.2 percent flood event $270,851 $132,790 | $168,251 -$35,461 $13,104
from 1 percent flood event $160,493 $43,775 $53,069 -$9,294 $828
AAEV Benefits in $1000s N/A $15,364 $13,953 $1,411 $19,733
AAEV Net Excess Benefits™ N/A $7,373 $6,863 $510 $3,008
in $1,000s

" Under current conditions

4.11.6 Identifying the Tentatively Selected Plan (TSP)

NED Plan scale B60-A75 maximizes available off-line detention storage and is the non-federal
sponsor’s, HCFCD, Locally Preferred Plan because it adheres to the local policy of “no adverse
impact” at the 1 percent AEP or more frequent events; maximizes use of available vacant land
for detention storage; and best addresses all study objectives by providing flood risk
management to a socially vulnerable population while minimizing adverse impacts to the
surrounding community and natural resources to the extent possible.
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The NED Plan scale B60-A75 better meets the study objectives by providing greater flood risk
reduction without displacing the resident population associated with mitigation for downstream
BFE increases. Therefore, the NED Plan scale B60-A75 is named the TSP (see Exhibit 4-5).
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Exhibit 4-5:
Tentatively Selected Plan
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4.11.6.1 Economic Performance of B60-A75, the Tentatively Selected Plan

The non-federal sponsor, HCFCD, prefers to implement NED Plan scale, B60-A75. Economic
and performance characteristics of B60-A75 are presented in the following discussion.

4.11.6.1.1 Economic Assets in the Residual Floodplain of B60-A75

The distribution for economic assets remaining in the residual floodplain of B60-A75 is shown in
Table 4-19. Total structures in Hunting Bayou’s 0.2 percent AEP floodplain are reduced
58 percent from 7,329 to 3,042 by implementing B60-A75. Residential structures in the 0.2
percent AEP floodplain are reduced 60 percent from 6,616 to 2,645 in the TSP With Project
condition.

An estimated 87 percent of the structures in the WOP condition 1 percent AEP floodplain would
have reduced risk from the residual 1 percent AEP floodplain. An estimated 5,110 structures are
currently in the 1 percent AEP floodplain. By implementing B60-A75, the structure count in the
residual 1 percent AEP floodplain would drop to 645.

4.11.6.1.2 Single Occurrence Damages in the Residual Floodplain of B60-A75

Table 4-20 displays the single occurrence damages expected to occur in the residual floodplain
of B60-A75. Damages to economic assets are expected from a 0.2 percent AEP event would
drop an estimated 51 percent to $132.8 million by implementing B60-A75. Damages to assets
from a 1 percent event are expected to decline by 73 percent to $43.8 million by implementing
the TSP.

4.11.6.1.3 Average Annual Equivalent Value Damages Reduced with the Implementation of B60-
AT5

Table 4-21 shows the AAEV damages remaining in the residual 0.2 percent floodplain of B60-

AT75. Figure 1 graphically represents the damages in the WOP and with TSP conditions.

Table 4-22 shows the AAEV damages reduced by implementing B60-A75. AAEV damages are

reduced by 73 percent by implementing the TSP over the WOP condition.
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Table 4-19:
Economic Assets by Annual Exceedance Probability (AEP) Event
B60-A75 Project Condition
2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s

Bankto 50% | Bankto20% | Bankto 10% Bank to 4% Bank to 2% Bankto 1% | Bankto0.4% | Bankto 0.2%
Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain

Property “2-Year” “5-Year” “10-Year” “25-Year” “50-Year” “100-Year” “250-Year” “500-Year”
Residential Property
Number of Structures 0 3 25 151 248 553 1272 2645

Single-Family 0 3 25 150 247 506 1141 2434

Multi-Family 0 0 0 1 1 47 131 211

Mobile Homes 0 0 0 0 0 0 0 0
Distribution 0.0% 0.1% 0.9% 5.7% 9.4% 20.9% 48.1% 100.0%
Structure Value $0.00 $204.88 $1,512.08 $7,241.75 $12,423.73 $29,501.63 $52,369.14 $93,207.52
Content Value* $0.00 $102.44 $756.04 $3,601.02 $6,192.01 $14,038.43 $25,108.60 $45,013.56
Total Value $0.00 $307.32 $2,268.12 $10,842.77 $18,615.74 $43,540.06 $77,477.74 $138,221.08
Commercial Property
Number of Structures 0 1 10 29 57 87 187 370
Distribution 0.0% 0.3% 2.7% 7.8% 15.4% 23.5% 50.5% 100.0%
Structure Value $0.00 $116.40 $5,516.11 $21,187.26 $32,241.29 $50,194.21 $89,294.81 $133,282.92
Content Value* $0.00 $195.55 $9,267.06 $35,009.40 $53,570.66 $71,996.02 $131,183.79 $180,297.96
Total Value $0.00 $311.95 $14,783.17 $56,196.66 $85,811.95 $122,190.23 $220,478.60 $313,580.88
Public Property
Number of Structures 0 0 0 3 4 5 12 27
Distribution 0.0% 0.0% 0.0% 11.1% 14.8% 18.5% 44.4% 100.0%
Structure Value $0.00 $0.00 $0.00 $132.50 $184.02 $210.76 $3,397.44 $5,308.66
Content Value* $0.00 $0.00 $0.00 $151.05 $209.78 $240.27 $3,873.08 $6,051.87
Total Value $0.00 $0.00 $0.00 $283.55 $393.80 $451.03 $7,270.52 $11,360.53
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Bankto 50% | Bankto 20% | Bankto 10% Bank to 4% Bank to 2% Bankto 1% | Bankto 0.4% | Bankto 0.2%
Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain Floodplain
Property “2-Year” “5-Year” “10-Year” “25-Year” “50-Year” “100-Year” “250-Year” “500-Year”
Hospital Property
Number of Structures 0 0 0 0 0 0 0 0
Distribution 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Structure Value $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Content Value* $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Total Value 0 0 0 0 0 0 0 0
Total Property
Number of Structures 0 4 35 183 309 645 1471 3042
Distribution 0.0% 0.1% 1.2% 6.0% 10.2% 21.2% 48.4% 100.0%
Structure Value $0.00 $321.28 $7,028.19 $28,561.51 $44,849.04 $79,906.60 $145,061.39 $231,799.10
Content Value* $0.00 $297.99 $10,023.10 $38,761.47 $59,972.45 $86,274.73 $160,165.47 $231,363.39
Total Value $0.00 $619.27 $17,051.29 $67,322.98 $104,821.49 $166,181.33 $305,226.86 $463,162.49
Passenger Vehicles
Number of Vehicles 0 4 31 158 255 525 1218 2626
Distribution 0.0% 0.2% 1.2% 6.0% 9.7% 20.0% 46.4% 100.0%
Vehicle Value $0.00 $22.32 $220.94 $1,010.42 $1,566.79 $3,435.28 $8,740.92 $20,776.53
Total Roads
Roadway Lengths
(Miles) 1 2 7 9 12 19 37 50
Distribution 2.0% 4.0% 14.0% 18.0% 24.0% 38.0% 74.0% 100.0%
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Table 4-20:
Single Occurrence Damages by Annual Exceedance Probability (AEP) Event
B60-A75 Project Condition
2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s

50% 20% 10% 4% 2% 1% 0.40% 0.20%

“2-Year” “5-Year” “10-Year” “25-Year” “50-Year” “100-Year” | *“250-Year” “500-Year”
Structure Damage
Residential Property $0.00 $106.03 $736.41 $2,171.16 $4,036.50 $8,872.67 $ 16,467.40 $26,474.45
Commercial Property $0.00 $7.68 $367.56 $1,492.19 $2,329.33 $3,847.38 $6,218.56 $10,832.49
Public Property $0.00 $0.00 $1.83 $14.75 $34.73 $42.87 $246.51 $ 568.55
Hospital $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Content Damage
Residential Property $0.00 $70.82 $454.87 $1,332.65 $2,479.48 $5,127.69 $9,643.93 $ 15,296.30
Commercial Property $0.00 $25.80 $1,475.44 $6,008.34 $10,167.91 $ 17,006.05 $ 27,106.97 $47,551.10
Public Property $0.00 $0.00 $0.00 $5.60 $20.33 $40.64 $134.61 $479.57
Hospital $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Totals
Residential Property $0.00 $176.85 $1,191.27 $3,503.81 $6,515.98 $ 14,000.35 $26,111.32 $41,770.75
Commercial Property $0.00 $33.48 $1,843.00 $7,500.53 $12,497.25 $20,853.43 $ 33,325.53 $58,383.59
Public Property $0.00 $0.00 $1.83 $20.35 $ 55.06 $83.50 $381.12 $1,048.12
Hospital $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Total Property Damages $0.00 $210.34 $3,036.10 $11,024.69 $19,06829 | $34,93728 | $59,817.97 | $101,202.46
Post Disaster Costs $0.00 $212.79 $874.93 $2,189.99 $4,381.04 $7,141.43 | $11,969.93 $24,720.07
Road Damages $9.83 $34.08 $72.92 $168.93 $ 366.58 $518.34 $ 77251 $1,264.16
Utility Damages $0.00 $5.17 $21.26 $53.29 $106.77 $174.10 $292.92 $601.16
Vehicle Damages $0.00 $1.85 $36.41 $246.42 $ 463.46 $1,003.69 $2,233.27 $5,002.38
Total by Event $9.83 $464.23 $4,041.62 $13,683.33 $24,386.14 | $43,77485| $75,086.61 | $132,790.23
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50% 20% 10% 4% 2% 1% 0.40% 0.20%
“2-Year” “5-Year” “10-Year” “25-Year” “50-Year” “100-Year” | *“250-Year” “500-Year”

Percent Distribution

Residential Property 0.00% 38.10% 29.48% 25.61% 26.72% 31.98% 34.77% 31.46%
Commercial Property 0.00% 7.21% 45.60% 54.82% 51.25% 47.64% 44.38% 43.97%
Public Property 0.00% 0.00% 0.05% 0.15% 0.23% 0.19% 0.51% 0.79%
Hospital 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Post Disaster Costs 0.00% 45.84% 21.65% 16.00% 17.97% 16.31% 15.94% 18.62%
Road Damages 100.00% 7.34% 1.80% 1.23% 1.50% 1.18% 1.03% 0.95%
Utility Damages 0.00% 1.11% 0.53% 0.39% 0.44% 0.40% 0.39% 0.45%
Vehicle Damages 0.00% 0.40% 0.90% 1.80% 1.90% 2.29% 2.97% 3.77%
Total by Event 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
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Table 4-21:
Distribution of Average Annual Equivalent Value (AAEV) Residual Damages by Reach

B60-A75 Project Condition

2Q2013 (FY13) Structure Inventory Update and Values in $1,000’s

FY2014 Interest Rate — 3.50 Percent

Post- Percent

Reaches Residential | Commercial Public Hospital Disaster Road Utility Vehicle Total Distribution
D $0.00 $0.00 $0.00 $0.00 $0.00 $0.86 $0.00 $0.00 $0.86 0.0%
H $0.00 $0.00 $0.00 $0.00 $0.00 $0.06 $0.00 $0.00 $0.06 0.0%
L $2.90 $0.00 $0.00 $0.00 $0.00 $0.30 $0.00 $0.14 $3.34 0.1%
M $39.12 $7.07 $0.45 $0.00 $7.88 $0.55 $0.19 $6.95 $62.21 1.1%
O $3.61 $0.00 $0.23 $0.00 $0.00 $0.00 $0.00 $0.41 $4.25 0.1%
P $1.83 $2.40 $0.00 $0.00 $0.00 $0.15 $0.00 $0.13 $4.51 0.1%
R-Left $19.90 $237.84 $0.00 $0.00 $6.37 $0.98 $0.16 $0.56 $265.81 4.9%
R-Right $125.21 $185.35 $0.55 $0.00 $27.27 $2.66 $0.66 $11.44 $353.14 6.5%
T-Left $151.40 $1.07 $0.00 $0.00 $34.89 $1.29 $0.85 $6.23 $195.73 3.6%
T-Right $522.69 $2.69 $3.90 $0.00 $196.49 $3.27 $4.78 $39.91 $773.73 14.3%
U-Left $5.98 $2.87 $0.00 $0.00 $0.00 $0.04 $0.00 $0.15 $9.04 0.2%
U-Right $111.41 $0.00 $0.00 $0.00 $22.91 $0.00 $0.56 $3.93 $138.81 2.6%
V $0.00 $7.21 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $7.21 0.1%
X $34.12 $90.61 $0.00 $0.00 $13.89 $2.38 $0.34 $2.19 $143.53 2.7%
Z $70.84 $107.65 $1.81 $0.00 $25.43 $1.52 $0.62 $1.55 $209.42 3.9%
AE $4.44 $1,5697.17 $0.01 $0.00 $10.71 $8.52 $0.26 $0.81 $1,621.92 30.0%
AF $56.35 $564.41 $2.11 $0.00 $46.97 $10.52 $1.14 $3.06 $684.56 12.7%
AG $59.32 $41.27 $0.40 $0.00 $6.03 $2.21 $0.15 $1.12 $110.50 2.0%
AH $0.36 $5.25 $0.00 $0.00 $0.11 $1.34 $0.00 $0.02 $7.08 0.1%
Al $15.60 $33.92 $1.55 $0.00 $4.85 $2.44 $0.12 $0.34 $58.82 1.1%
AL $15.22 $26.05 $0.30 $0.00 $8.32 $2.11 $0.20 $1.33 $53.53 1.0%
AP $234.28 $39.97 $12.89 $14.87 $204.69 $6.68 $4.98 $25.09 $543.45 10.0%
AZ $51.13 $23.80 $4.73 $0.00 $68.24 $6.47 $1.70 $2.38 $158.45 2.9%
Total $1,525.71 $2,976.60 $28.93 $14.87 $685.05 $54.35 $16.71 $107.74 $5,409.96 100.0%
Percent

Distribution 28.2% 55.0% 0.5% 0.3% 12.7% 1.0% 0.3% 2.0% 100.0%

Colors designate lower, middle, and upper stream segments
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Figure 4-1:
Average Annual Equivalent Inundation Damages in the
Without Project (WOP) and With B60-A75 Conditions
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Distribution of Average Annual Equivalent Value (AAEV) Damages Reduced by Reach

2Q2013 (FY13) Structure Inventory Update and Values in $1,000s

Table 4-22:

B60-A75 Condition

FY 2014 Interest Rate—3.50 Percent

Post- Percent

Reaches Residential | Commercial Public Hospital Disaster Road Utility Vehicle Total Distribution
D $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 0.0%
H $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 0.0%
L $0.16 $0.00 $0.00 $0.00 $0.00 $0.02 $0.00 $0.01 $0.19 0.0%
M $3.38 $0.42 $0.03 $0.00 $0.92 $0.03 $0.02 $0.47 $5.27 0.0%
0] $0.64 $0.00 $0.04 $0.00 $0.00 $0.00 $0.00 $0.07 $0.75 0.0%
P $0.34 $0.47 $0.00 $0.00 $0.00 $0.00 $0.00 $0.03 $0.84 0.0%
R-Left $5.20 $61.30 $0.00 $0.00 $1.75 $0.13 $0.04 $0.12 $68.54 0.5%
R-Right $32.28 $49.21 $0.14 $0.00 $6.73 $0.52 $0.17 $2.96 $92.01 0.6%
T-Left $45.56 $0.32 $0.00 $0.00 $10.76 $0.39 $0.26 $1.92 $59.21 0.4%
T-Right $146.07 $0.81 $1.10 $0.00 $53.74 $0.88 $1.30 $11.84 $215.74 1.5%
U-Left $1.92 $0.96 $0.00 $0.00 $0.00 $0.02 $0.00 $0.05 $2.95 0.0%
U-Right $35.03 $0.00 $0.00 $0.00 $7.50 $0.00 $0.18 $1.31 $44.02 0.3%
Vv $0.00 $3.08 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $3.08 0.0%
X $12.13 $36.74 $0.00 $0.00 $4.37 $0.43 $0.10 $0.82 $54.59 0.4%
YA $32.63 $51.72 $0.76 $0.00 $12.92 $0.59 $0.31 $0.68 $99.61 0.7%
AE $1.91 $724.26 $0.00 $0.00 $4.12 $3.86 $0.10 $0.41 $734.66 5.1%
AF $26.79 $291.60 $1.04 $0.00 $21.19 $4.57 $0.52 $1.69 $347.40 2.4%
AG $39.40 $26.64 $0.24 $0.00 $4.82 $1.24 $0.11 $0.40 $72.85 0.5%
AH $2.37 $38.87 $0.00 $0.00 $0.96 $2.14 $0.03 $0.20 $44.57 0.3%
Al $167.54 $517.12 $24.20 $0.00 $83.81 $10.38 $2.04 $12.57 $817.66 5.7%
AL $254.24 $477.35 $8.34 $0.00 $170.92 $10.55 $4.16 $50.58 $976.14 6.8%
AP $2,976.21 $708.63 $241.59 $735.33 $2,478.21 $64.47 $60.27 $551.79 $7,816.50 54.3%
AZ $1,217.23 $498.19 $86.92 $0.00 $906.14 $51.40 $22.31 $143.38 $2,925.57 20.3%
Total $5,001.03 $3,487.69 $364.40 $735.33 $3,768.86 $151.62 $91.92 $781.30 $14,382.15 100.0%
Percent Distribution 34.8% 24.3% 2.5% 5.1% 26.2% 1.1% 0.6% 5.4% 100.0%
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4.11.7 Characterization of the Residual Floodplain and the TSP Project
Performance

4.11.7.1 Areal Extent of the TSP Residual Floodplain

By implementing the TSP, the “most likely” future 0.2 percent AEP floodplain will cover
approximately 4,500 acres. This reduction represents a 33 percent reduction in the spatial
coverage of the “most likely” future” WOP 0.2 percent AEP floodplain. Exhibit 4-6 through
Exhibit 4-9 illustrate the TSP versus the existing or WOP condition for the 10 percent, 4 percent,
1 percent and 0.2 percent AEP floodplains.

4.11.7.2 Population within the Residual Floodplain of the TSP

The population impacted by a 0.2 percent AEP flood is expected to be reduced by 60 percent by
implementing the TSP. Currently an estimated 16,700 persons reside within Hunting Bayou’s
0.2 percent AEP floodplain, based on a residential structure count of 6,600 residences. The TSP
residual 0.2 percent AEP floodplain is projected to contain 6,700 persons living in
2,600 residences.

However, 66 residential structures housing an estimated 165 persons are part of the structure
inventory allowed under Section 575, WRDA 1996 for preserving economic benefits. When
these structures are not counted in the residual floodplain, the corrected estimate of residual
population and housing in the TSP condition is more likely to be about 6,500 persons and
2,500 residences.

The population living within the TSP’s residual floodplain remains at risk for flooding and
shares the same social and economic characteristics indicating high vulnerability to hazards.
The residual population is 95 percent minority, predominantly either Hispanic or black
American. Like the population within the “most likely” future WOP 0.2 percent AEP floodplain,
the residual population contains proportionately more younger and older persons than Harris
County in general, which also indicates social vulnerability. In addition, over 30 percent of the
population within the residual floodplain lives below the poverty level.
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Exhibit 4-7:
4% AEP Floodplain Comparison for the TSP and WOP Conditions
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Exhibit 4-8:
1% AEP Floodplain Comparison for the TSP and WOP Conditions
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Exhibit 4-9:
0.2% AEP Floodplain Comparison for the TSP and WOP Conditions
2009 Price Level, Discount Rate = 4.375 percent
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4.11.8 Expected Project Performance

The TSP is the non-federal sponsor’s, HCFCD, preferred scale for the best performing
alternative. This recommendation also assumes that COH’s planned drainage improvements,
which may include drainage impoundments to better manage increased runoff, would be
effective and that adequate vacant land is available for detention and disposal to support the TSP.

Residual Risk. Even though residual risk remains in the floodplain, the non-federal sponsor,
HCFCD, chooses to stop the plan formulation process at the point where the TSP has been
identified. Further risk reduction would be accomplished by combining the policies and
procedures described in Section 3.5.

Economics. The AAEV benefits and costs for the TSP are presented in Table 4-23. The TSP
returns $15.4 million in AAEV benefits to $8.0 million in AAEV costs, realizing a 1.92 BCR at
the 3.50 percent federal discount rate and 2Q2013 prices.

Table 4-23:
AAEV Benefits and Costs
2Q2013 Structure Inventory Update and Price Level,
3.50 and 7.0 Percent Interest Rates

($1,000s)
TSP

Investment Costs
Total Project Costs $154,320
Interest During Construction (IDC) $28,535
Uncompensated NED Losses 618
Total Investment Costs $183,473
AAEV First Cost, 3.5 % $7,822
Annual OMRR&R* $169
Total AAEV Costs, 3.50 % $7,991
AAEV Benefits, 3.50 % $15,364
AAEV Net Benefits $7,373
BCR TSP
3.50 percent 1.92
7.0 percent 0.96

*OMRR&R = Operating, Maintaining, Replacing, Repairing and Rehabilitating

The estimated investment cost for the TSP is approximately $183.5 million, based on the actual
costs expended for completed construction and estimated costs for future construction,
uncompensated NED losses and IDC. Table 4-23 summarizes the project first costs, based on
the actual costs and future estimates. The construction costs for future construction were based
on January 2013 price levels. Estimates for material, equipment and labor costs for typical work
in this area were used to develop the construction costs for the future phases. Real estate costs
were developed based on gross appraisals as described in Appendix 6 - Real Estate Plan.
Detailed cost estimates with quantities and descriptions based on the MCACES are provided in
Appendix 4 — Cost Estimates. A risk analysis was performed using estimated risk factors for the
major cost items, without percentage contingencies. The analysis used the Crystal Ball risk
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analysis software. A 22.6 percent contingency would provide an 80 percent probability the
resulting cost would not be exceeded. This contingency was applied only to the future
construction items and is included in the cost summary.

Residual Flooding. With the TSP, residual flooding would be expected when the flood water
rises above the bayou banks during more severe events. Residual flooding could also be
expected to continue to occur as a result of high tailwater conditions where the storm sewer
system is surcharged and cannot convey or freely outfall the runoff collected from the DA. The
flood water is contained within the bayou banks for higher frequency events for most of the
study area reach. When flood water overflows the channel banks, the flow is expected to spread
to the overbank areas. Since the overbank areas are relatively flat, the flooding depth would not
be expected to be significant due to the flood water spreading over a larger area. Since the rise
rate and flow velocity are related to the flow area, the rise and the velocity are expected to be
very low.

In isolated areas such as depressions and roadway underpasses, the flooding depth could be
significant and may create access problems for vehicular traffic. The potential for loss of life in
some of these isolated areas where deep water ponding could occur would be expected from
drivers attempting to or accidentally passing through these areas during the more severe events
that cause residual flooding. These areas would be expected to be limited mainly to more abrupt
roadway or underpass grade changes adjacent to the bayou, such as along Homestead Road just
north of the bayou.

Life Safety Criteria. Implementing the TSP is intended to manage flood water risks, not control
or avoid them. The TSP does not have unlimited operational capacity to control extreme floods.
For instance, the offline detention basin has a limited capacity to accept diverted water from the
main channel. When the basin’s maximum capacity has been reached, any additional channel
flow is not attenuated.

Human life is rarely lost in the study area due to flooding; therefore, the Hunting Bayou
watershed is considered to have a low loss-of-life risk level due to flooding. The population at
risk includes residential neighborhoods, industrial facilities and a nearby railroad yard. Many in
this community of elderly and economically disadvantaged are particularly vulnerable during
and after a flood event.

Typical loss-of-life due to flooding incidences occurs when motorists choose to ignore warning
signs or messages and drive into high flood water conditions, or due to vehicular accidents
occurring at or near ditches. Because it is often difficult to see the channels and roadside ditches
during a flood, a dangerous condition exists for pedestrians and motorists in the area. Overall,
flood waters within the Hunting Bayou watershed rise gradually (no flash flooding conditions)
due to its relatively wide and flat floodplain. However, there are some locations and during
heavy rainfall (2-4” per hour) where waters rise and flow rapidly creating a life safety issue.
Project implementation is expected to lower the risk frequency and magnitude associated with
flooding.

The project design will not involve precedent-setting methods, use innovative materials or
change prevailing practices.
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Environmental Impact from the TSP and other Alternatives. The TSP avoids adverse effects
when compared to the other plans requiring greater channel modifications. The TSP also
minimizes the number of displacements required to construct an effective conveyance. This
identifies the TSP as the environmentally preferred alternative.

Systems/Watershed Context. The Hunting Bayou watershed is a highly developed urban
region which has experienced significant flooding. The plan would greatly reduce flood
damages along the stream. The decision was made to forego additional nonstructural
components to the channel modification/detention basin alternative because, to do so, could
jeopardize the project’s acceptance within the surrounding community. As noted previously, the
HCFCD maintains an active voluntary nonstructural program which can contribute to a long-
term strategy of residual risk reduction over the period of analysis for the Hunting Bayou
watershed. The TSP complies with the federal objective to reasonably maximize NED benefits
and with local floodplain management policies and practices. The TSP reduces the needed
footprint within the developed area along the stream bank to be more acceptable to the
surrounding community.

Environmental Operating Principles. The TSP must also be evaluated against USACE’s
environmental operating principles, as these are essential to USACE’s risk management
approach in decision-making. There are seven principles as follows, including a description of
how the plan is responsive to each.

= Foster sustainability as a way of life throughout the organization: The non-federal
sponsor, HCFCD, manages flood risk in Harris County, Texas. The many watersheds
throughout the county must be managed so they perform flood damage reduction functions
yet still function as healthy floodplains and stream courses. The non-federal sponsor,
HCFCD, executes planning, design, construction and operation of flood risk management
remedies so the natural resource base of floodplains and stream courses are not permanently
impaired or damaged.

= Proactively consider environmental consequences of all USACE activities and act
accordingly: Direct and indirect effects from the project on the natural environment were
quantified using ecological modeling. Compensatory mitigation is provided for the TSP for
unavoidable adverse effects to waters of the United States, including wetlands.
Additionally, disposal sites for material removed from modified stream channels and
detention excavation were sited to avoid or minimize impacts to wildlife and their habitat.

= Create mutually supporting economic and environmentally sustainable solutions: The
TSP provides the nation with economic benefits while avoiding and minimizing
adverse effects to the natural environment to the greatest extent practicable. Unavoidable
effects to wetlands are fully mitigated by replacing wetland values so there is no net loss of
wetlands.

= Continue to meet our corporate responsibility and accountability under the law for
activities undertaken by the USACE which may impact human and natural
environments: TSP construction and operation would comply with all applicable federal,
state and local environmental laws and regulations. Natural resource agencies have also
been coordinated with during the study period to assure environmental compliance
associated with the TSP meets current regulatory standards. Community interests have been
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coordinated with on an ongoing basis to assure impacts from the TSP are acceptable to the
community and the benefits from the improvements are fully understood by the community.

= Consider the environment in employing a risk management and systems approach
throughout the lifecycles of projects and programs: Mitigation would be provided for all
unavoidable adverse effects to aquatic resources. Such mitigation and maintaining natural
systems associated with floodplains and stream courses are central to the non-federal
sponsor’s, HCFCD, flood risk management policies.

= Leverage scientific, economic and social knowledge to understand the environmental
context and effects of USACE actions in a collaborative manner: Stakeholders, residents,
resource agencies and the general public were consulted throughout the study period in an
effort to understand the project and project area’s biological, physical and socioeconomic
circumstances. Biological environment specialists and socioeconomic resource experts were
engaged with the engineering team to develop accurate analyses of project effects.
Community outreach assured citizen and resident views about project alternatives were fully
appreciated.

= Employ an open, transparent process that respects view of individuals and groups
interested in USACE activities: The views of stakeholders, the public, local residents,
resource agencies and others helped identify the problems, opportunities and constraints
addressed which lead to identifying multiple alternatives and their evaluation/selection in
this reevaluation study. Project newsletters, community meetings and engagement with
community leaders, including elected officials and leadership from faith based
organizations, helped achieve clarity of message and full comprehension of citizen
perspectives. Both resident and technical specialist perspectives helped formulate the TSP.

4.11.9 How the TSP is Consistent with the USACE Campaign Plan, FY13-14-18,
June 203

The USACE Campaign Plan FY13-14-18, dated June 2013, provides goals, objectives, and
actions for improving the USACE contribution to the nation in the areas of warfighting; civil
works processes and delivery systems; risk reduction from natural events; and preparation for the
future. The Hunting Bayou Flood Risk Management Project supports the Campaign Plan with a
contribution to Goal 2, “Transform Civil Works,” and Goal 3, "Reduce Disaster Risks”.

Objective 2c of Goal 2 aims to “Improve USACE methods of delivery to produce quality
engineering solutions and services on schedule.” Supporting action 2.c.4. aims to “implement a
customer/stakeholder engagement strategy” with an end state of establishing and maintaining
“collaborative relationships with Federal, state, Tribal, and local agencies, and other
stakeholders.” The Hunting Bayou Flood Risk Management Project supports Goal 2. Section 211
of WRDA 1996 allows non-federal entities to engage in water resources planning and project
execution by incorporating USACE policies and regulations into quality FRM products that meet
budget and schedule goals. The activities undertaken by the NFS at their own risk supports the
mission of the USACE by utilizing local agency resources and strengthening the relationship
between the local agency and the USACE.
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Objective 3.c. of Goal 3 aims to “enhance interagency disaster preparation and mitigation
capabilities.” Supporting action 3.c.2. aims to “enhance capacity to reduce the Nation’s Flood
Risk” with an end state of sustainable and resilient FRM for the Nation and communities.” The
Hunting Bayou Flood Risk Management Project supports Goal 3. The Hunting Bayou Flood
Risk Management Project provides needed FRM to a socially vulnerable population within a
highly urbanized area. The project works in concert with other local initiatives that together
integrate structural engineering features, nonstructural measures, and program and policy
enforcement into an overall system for sustainable and resilient flood risk management.

4.12 Cost Sharing

“If the sponsor prefers a plan more costly than the NED plan, the NER Plan or the
combined NED/NER Plan, and the increased scope of the plan is not sufficient to warrant
full federal participation, ASA(CW) may grant an exception as long as the sponsor pays
the difference in cost between those plans and the locally preferred plan. The LPP, in this
case, must have outputs similar inkind, and equal to or greater than the outputs of the
federal plan..” Planning Guidance Notebook, paragraph 2-3.f (4), ER 1105-2-100, 22
April

B60-A75 has been identified by the non-federal sponsor as the LPP and is named the TSP. As
stated in ER 1105-2-100, to propose an LPP more costly than the NED Plan, an exception from
ASA(CW) is required. Approval from ASA(CW) to recommend B60-A75 as the LPP was
obtained in May, 2014. Accordingly, the non-federal sponsor, HCFCD, agrees that the additional
cost of the LPP over the NED Plan cost is the responsibility of the non-federal sponsor. For
projects recommended that are more costly than the NED Plan, cost apportionment for the
federal project will be based on the NED Plan cost. As stipulated in WRDA 1996, Section
202(a), projects authorized prior to enacting WRDA 1996 (October 12, 1996) have a 25 percent
non-federal/75 percent federal cost share. WRDA 1986, Section 103 (a) stipulates the maximum
non-federal contribution will not exceed 50 percent of the total project cost. In this project,
LERR&Ds, a non-federal responsibility, contributes significantly to the total project cost, so the
federal cost share will assume a portion of LERR&D cost to meet the 50 percent non-federal cost
share maximum contribution. Table 4-24 provides the cost share for the NED Plan at a 50-50
apportionment: $67,458,365 (federal) and $67,458,365 (non-federal). The total for these shares
equals the total project first costs.
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Table 4-24:

Cost Apportionment of NED Plan
2Q2013 (FY 2013) Price Level

Flood Risk Management Components Federal Cost Non-Federal Cost Total Cost

GRR Study Cost $4,667,244 $4,667,244 $9,334,488

LERR&D 30 $79,955,970 $79,955,970

--Rail Bridge Modifications - $318,322

Construction - Federal Cost Share $54,871,036 $0 $54,871,036

Mitigation (least cost plan) $0 $89,724 $89,724
Subtotal $54,871,036 $80,045,694 $134,916,730

5% Cash ($6,745,836) $6,745,836

Subtotal $48,125,200 $86,791,530 $134,916,730

(Percent) * 36% 64% 100%

50% Adjustment $19,333,165 ($19,333,165)

NED Plan Total Project $67,458,365 $67,458,365 $134,916,730

! Rail Bridge Modifications are federal cost-shared construction items re: Section 3, 1946 Flood Control Act

2 Non-federal costs will be no less than 25 percent and not greater than 50 percent for the NED Plan, Section 103(a), WRDA of 1986..

NOTE: All costs shown are first costs. Contingency applied only to unconstructed costs.

The Section 902 cost limit is $1,658.589 million.

Table 4-25, provides the cost share for the TSP based on the NED Plan as displayed in Table 4-
24. The cost apportionment is based on the NED Plan cost, as the TSP is more costly than the
NED Plan. The additional non-federal sponsor’s, HCFCD, contribution of $19.4 million to
construct the TSP is shown in Table 4-25 in addition to their NED Plan cost allocation.

In this project, LERR&Ds, a non-federal responsibility, contributes significantly to the total
project cost, so the federal cost share will assume a portion of LERR&D cost to meet the
50 percent non-federal cost share maximum contribution as per Section 103(a), WRDA 1986.
This is illustrated in the bridge costs as part of LERR&Ds in Table 4-26. For further information
on the LERR&Ds, see Appendix 6 — Real Estate Plan.

Draft General Reevaluation Report and Integrated Environmental Assessment (GRR/EA)

Hunting Bayou Flood Risk Management Project

4-57



Table 4-25:

Cost Apportionment of TSP
2Q2013 (FY 2013) Price Level

Flood Risk Management Components Federal Cost Non-Federal Cost Total Cost

GRR Study Cost $4,667,244 $4,667,244 $9,334,488

LERR&D $0 $79,955,970 $79,955,970

--Rail Bridge Modifications * $318,322

Construction - Federal Cost Share $54,871,036 $0 $54,871,036

Mitigation (least cost plan) $0 $89,724 $89,724
Subtotal $54,871,036 $80,045,694 $134,916,730

5% Cash (%6,745,836) $6,745,836

Subtotal $48,125,200 $86,791,530 $134,916,730

(Percent) * 36% 64% 100%

50% Adjustment $19,333,165 ($19,333,165)

NED Plan Total Project $67,458,365 $67,458,365 $134,916,730

Additional NonFederal Cost of TSP * $19,402,898 $154,319,628

! Rail Bridge Modifications are federal cost-shared construction items re: Section 3, 1946 Flood Control Act

2 Non-federal costs will be no less than 25 percent and not greater than 50 percent for the NED Plan, Section 103(a), WRDA of 1986.

3 Cost of TSP over the cost of the NED Plan included LERRDs, Construction, and Mitigation
NOTE: All costs shown are first costs. Contingency applied only to unconstructed costs.
The Section 902 cost limit is $1,658.589 million.

Table 4-26:
Identified Bridge Adjustments
Bridges to be Impacted (extended or replaced)
564+09 Bridge Modification - Wayside COH $4,491,900
564+09 Bridge Approaches - Wayside COH $742,365
566+44 Rail Bridge Modification - SP ERRY* Railroad $42,800
566+44 Rail Bridge Approaches - SP ERRY* Railroad $80,798
566+99 Rail Bridge Modification - SP ERRY* Railroad $38,520
566+99 Rail Bridge Approaches - SP ERRY* Railroad $54,068
568+49 Rail Bridge Modification - SP ERRY* Railroad $37,450
568+49 Rail Bridge Approaches - SP ERRY* Railroad $6,008
599+52 Bridge Modification - Loop 610 2nd Crossing Texas Department of $14,718,180
Transportation (TxDOT)
599+52 Bridge Approaches - Loop 610 2nd Crossing TxDOT $2,191,860
635+97 Bridge Modification - Homestead Road COH $624,960
635+97 Bridge Approaches - Homestead Road COH $121,500
648+92 Bridge Modification - Kelley Street Westbound COH $1,755,468
648+92 Bridge Approaches - Kelley Street Westbound COH $42,525
658+96 Bridge Modification - Loop 610 3rd Crossing TxDOT $4,255,680
661+53 Walkway Bridge Modification - Hutcheson COH $189,720
661+53 Walkway Approaches - Hutcheson COH $6,683
672+94 Walkway Bridge Modification - Hutcheson COH $189,720
672+94 Walkway Approaches - Hutcheson COH $4,860
692+95 Walkway Bridge Modification - Pickfair COH $223,200
692+95 Walkway Approaches - Pickfair COH $5,468
704+55 Bridge Modification - Wipprecht COH $1,487,070
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Bridges to be Impacted (extended or replaced)
704+55 Bridge Approaches - Wipprecht COH $43,740
716+69 Bridge Modification - Wayne Street COH $1,522,968
716+69 Bridge Approaches - Wayne Street COH $161,595
724+66 Bridge Madification - Hirsch Street COH $2,529,600
724+66 Bridge Approaches - Hirsch Street COH $18,360
729+22 Bridge Modification - Leffingwell Street COH $1,182,030
732+67 Bridge Modification - Falls Street COH $1,210,860
732+67 Bridge Approaches - Falls Street COH $105,705
739+35 Walkway Bridge Modification - Russell COH $149,730
739+35 Walkway Approaches - Russell COH $4,860

*Railroad relocation costs are considered Federal construction costs for the purposes of cost share, in accordance with Section 3,
1946 Flood Control Act.
No contingencies are shown.

4.13 Section 575 Water Resources Development Act (WRDA) 1996 Analysis

Section 575 of WRDA 96 provides: “during any evaluation of economic benefits and costs for
projects... that occurs after the date of the enactment of this Act, the Secretary shall not consider
flood control works constructed by non-federal interests within the drainage area of such projects
prior to the date of such evaluation in the determination of conditions existing prior to
construction of the project.”

The WRDA 99, Section 575(b) provides that:
(b) SPECIFIC PROJECTS—The projects to which subsection (a) apply are—

(1) the project for flood control, Buffalo Bayou Basin, Texas, authorized by Section
203 of the Flood Control Act of 1954 (68 Stat. 1258);

(2) the project for flood control, Buffalo Bayou and tributaries, Texas, authorized by
section 101(a) of the Water Resources Development Act of 1990 (104 Stat. 4610);
and

(3) the project for flood control, Cypress Creek, Texas, authorized by section 3(a)(13)
of the Water Resources Development Act of 1988 (102 Stat. 4014).

Section 354 of WRDA 99 amended Section 575 to remove nonstructural actions from
consideration as well as “constructed works.” Hunting Bayou, being a tributary of Buffalo
Bayou, Texas, is affected by the analytical requirements of Section 575.

During the study period, activities had been undertaken by non-federal interests to remediate
flood damages through voluntary nonstructural property acquisitions through the FEMA’s
Hazard Mitigation Grant Program and Pre-disaster Mitigation Program and other property
acquisitions to support ROW needed for channel modification. Some property acquisitions
involve improved property, which removes damageable economic assets from the floodplain.
When these actions occur, they fall under the authority of Section 575, WRDA 1996 and are
evaluated for their impact on project performance. The structures identified as relocations and/or
ROW acquisitions were isolated, and HEC-FDA models were executed for AAEV damages in
the With and WOP conditions.
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To meet the intent of the Section 575 WRDA 1996 authority, only full real estate takings of
parcels, not partial takings, were considered for this analysis. The operational assumption is that
improvements to parcels would be acquired and either demolished or removed from the
floodplain with full takings so damages prevented to those improvements could be realized.
Partial takings did not offer the opportunity for removing damageable structures. Altogether, 84
full real estate takings within the Hunting Bayou economic study area qualified for Section 575,
WRDA 1996 analysis during the study period.

The detention basin under construction by the non-federal sponsor, HCFCD, within the
watershed was not included in the Section 575 analysis, because the basin was not yet
functioning to reduce flood risk at the time of this analysis. As a result, there are no FRM
economic benefits to be realized from the yet-to-be completed detention basin.

The 2013 structure inventory records were matched to the full takings, and the 84 records
identified were evaluated in a HEC-FDA model run to determine their contribution to AAEV
damages over the 50-year period of analysis and to determine the extent of their contribution to
the TSP’s inundation reduction benefits. These real estate takings are characterized in
Table 4-27 and Table 4-28 along with the results from those takings with reference to project
economic performance in Table 4-29. Table 4-27 displays the buyouts by primary improvement
to the real estate parcel acquired.

Table 4-27:
Distribution of Section 575 Buyouts by Structure Type
Value in
Structure Type Number $1,000s
Residential
SFR 70 $636.19
Multi-family 6 $166.38
Commercial 8 $271.45
Total 84 $1,074.02

It is noted two-thirds (n=56) of the 84 HCFCD property acquisitions stem from the FEMA
Hazard Mitigation Grant Program following Tropical Storm Allison, which occurred in 2001.
Tropical Storm Allison damaged in excess of 8,000 structures within the Hunting Bayou
watershed with record level rainfall. Except for one buyout acquired for floodplain preservation,
the remaining non-federal sponsor’s, HCFCD, buyouts were acquisitions to support channel
ROW.

The structure distribution bought out by floodplain designation is shown in Table 4-28. While
the majority of buyouts were in response to post-disaster FEMA assistance, it should also be
noted that the criterion for the Hazard Mitigation Grant Program buyouts is limited to the extent
of structural damage sustained and not their location in a floodplain. Table 4-28 provides
information to indicate while some acquisition properties were located well within in the
floodplain and contribute to economic damage reduction, other acquisitions contribute less or no
damage reduction.
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Table 4-28:
Full Real Estate Takings/Acquisitions by Floodplain
within the Hunting Bayou Study Area

20.00% 15 17.9% 17.9%
10.00% 12 14.3% 32.1%
4.00% 9 10.7% 42.9%
1.00% 12 14.3% 57.1%
0.40% 1 1.2% 58.3%
0.20% 27 32.1% 90.5%
Not in Floodplain 8 9.5% 100.0%
Total 84 100.0%

Table 4-29 compares the With and WOP condition with all structures in place, while
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Table 4-30 shows the same conditions, but with the 84 structures removed from the inventory.
When comparing the two tables, removing the structures from the inventory has a negligible
impact with damages decreasing in the WOP condition by 0.30 percent. The TSP’s economic
performance is reduced by 0.32 percent. The TSP has a 1.92 BCR; removing the structures from
the inventory does not change the BCR. These results provide evidence about the lack of impact

the non-federal sponsor’s, HCFCD, nonstructural activities in the floodplain have on the TSP’s
viability.

Table 4-29:
Project Performance with All Structures in Place

in $1,000s in $1,000s | in $1,000s in $1,000s
\WOP $19,792.10 $0.00 $0.00 $0.00
B60A75--TSP $5,409.96 $15,363.56 $7,990.92 $7,372.63 1.92
B50A25--NED $6,820.57 $13,952.95 $7,089.58 $6,863.37 197
Authorized Design $59.35 $19,732.75| $16,724.43 $3,008.32 1.18

* Discount Rate= 3.50%, 2Q2013 (FY13) price level
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Table 4-30:
Analysis of Impact of Removing 84 Structures from Inventory

in $1,000s | in $1,000s | in $1,000s in $1,000s in $1,000s
WOP $59.47 $19,732.63
B60A75--TSP $9.18 $5,400.78 $15,313.27 $7,990.92 $7,322.34 1.92
B50A25--NED $12.16 $6,808.41 $13,905.64 $7,089.58 $6,816.06 1.96
Authorized Design $0.11 $59.24 $19,673.39 $16,724.43 $2,948.96 1.18

* Discount Rate= 3.50%, 2Q2013 (FY13) price level

4.14 Section 902, WRDA 1986 Analysis

The Hunting Bayou 1990 Authorized Plan is part of the Buffalo Bayou and Tributaries, Texas
authorization found in Section 101(a)(21) of WRDA 1990. Because the authorization includes
Buffalo Bayou’s main stem and its tributaries, the Section 902 calculation incorporates all the
tributaries included in the authorization. The USACE Section 902 Analysis Certified Tool, 2010
was used for the calculation and followed the guidance in paragraph G-15.a. of ER 1105-2-100,
30 June 2004.

Section 211, WRDA 1996 (Public Law 104-303) signed into law October 12, 1996 authorized
non-federal interests to undertake major FRM projects with federal funding assistance (subject to
federal funding availability) or credit for the non-federal interest for its portion of the work
subject to Secretary of the Army approval. Section 211(f)(7) authorized the non-federal sponsor,
HCFCD, to develop a FRM alternative to the 1990 Authorized Plan for Hunting Bayou. The
non-federal sponsor, HCFCD, started implementing the alternative to the 1990 Authorized Plan
to reduce future flood damage as soon as possible, and is doing so at its own risk. Because
Hunting Bayou was added to the 211(f) authorization, the non-federal sponsor, HCFCD, may be
reimbursed for the efforts taken to reduce flood damages in the Hunting Bayou watershed as
approved by the Secretary of the Army. The costs expended by the non-federal sponsor,
HCFCD, to date have been included in the 902 project cost limit computation.

Results from the 902 analysis show the FY 13 $1,513.116 million authorized cost of Buffalo
Bayou and Tributaries inflated through construction is less than the $1,658.589 million
maximum Section 902 cost limit. The Project Cost Increase Fact Sheet is included in
Appendix 5, Attachment 1.
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5.0 FORESEEABLE EFFECTS FROM THE PROPOSED ACTION AND
ALTERNATIVES

This study describes the anticipated direct and indirect impacts on physical, biological and
socioeconomic resources within the upper Hunting Bayou watershed from four alternatives —
NED Plan Scale B60-A75 (TSP), NED Plan Scale (B50-A25), the 1990 Authorized Plan and
the No Action Alternative. Direct impacts are those which can be attributed to construction and
O&M of the proposed plan or continuing the existing activities under the No Action Alternative.
Indirect effects are those secondary environmental impacts attributed to implementing the
proposed plan or to continuing the existing activities under the No Action Alternative. A typical
cross section of each alternative is shown in Exhibit 5-1.

5.1 Plan Activities

5.1.1 Tentatively Selected Plan (TSP) — B60-A75

= Purchase, acquire or control 115 acres of property along Hunting Bayou and the 75-acre
offline detention basin for the TSP. Disposal site requirements would include an additional
119 acres. This would total 309 acres.

= Widen and deepen Hunting Bayou and construct an earthen, grass-lined, trapezoidal channel
with a 60-ft bottom width and 4:1 side slopes ratio extending from the upstream end of
Hunting Bayou at US 59 to 0.3 miles downstream from ERRY. In general terms, the
channel width would double to approximately 300-ft-wide along some reaches of the 3.8-
mile project length.

= Excavate the 75-acre offline detention basin to depths which may extend 22 to 24 ft below
ground surface (bgs).

= Displace populations from 58 SFRs and 8 multi-family residences in areas with high
minority and low-income residents living along the upper Hunting Bayou reach in the
Kashmere Gardens and Pleasantville Super neighborhoods, the Liberty Garden development
and other residential developments.

= Modify bridges and replace 17 bridges consisting of 10 roadway bridges, 3 railroad bridges
and 4 pedestrian bridges, as needed for security or public protection. Fencing would be
installed at public access points.

= Construct a widened concrete-lined channel through ERRY..

= Relocate or replace underground utilities (pipelines, water lines, electrical lines, sanitary
sewer lines, etc.).

= Relocate or reconstruct some streets or construct within existing street ROWs.
= Acquire commercial or public structures.

= Purchase compensatory wetland credits at the Greens Bayou Wetlands Mitigation Bank
(GBWMB) to mitigate 4.37 acres of unavoidable impacts to aquatic resources.

= Excavate subsurface soils and urban fill material during channel and stormwater detention
basin construction.
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Construction activities are expected to occur for 7 years, from 2014 or 2015 through 2022.
OMRR&R is expected to occur through the 50-year period of analysis. The direct and indirect
effects from the proposed action would be generated by the following, generally within the
TSP ROW.

= Clear and grade surface and channel side slopes (site preparation) and remove surface cover
prior to construction activities.

= Excavate and dredge Hunting Bayou upper channel reach. Trench and backfill areas for
utility relocations. Dewater as needed during construction. Control and maintain
construction laydown areas. Control surface water runoff while preparing the land to
achieve water quality protection goals in accordance with water quality permits.

= Use bulldozers, draglines and other earth-moving equipment contracted by the non-federal
sponsor, HCFCD, to construct channel, side slopes, detention basin, maintenance access
areas, access or service roads and drainage ditches.

= Demolish and remove residential, commercial or industrial structures within the floodplain.
Test materials to properly dispose solid waste generated by demolition activities.

= Construct earthen maintenance access areas with parallel access roads (if needed) at the
detention basin. Install water or flow control structures and gates, foundations or supports,
and install box culverts beneath.

= Demolish, abandon, install or reroute/extend utility lines or utility towers (water lines,
petroleum pipelines, sanitary sewer lines, electrical lines, etc.).

= Traffic control during bridge construction may require totally closing certain bridges and
detours to other roads.

= Abandon or reroute streets and roads in the area proposed for channel widening.

= Ship and truck construction materials to the site. Stockpile materials and excavated soils.
Machine or fabricate materials. Handle construction and demolition waste and related by-
products. Handle and manage special and hazardous wastes.

= Implement traffic control measures during construction to continue uninterrupted
neighborhood access by police, fire, EMS, transit and school bus services to minimize
disturbance to area residents.

= Perform soil stability testing and engineering analyses during preconstruction engineering
design (PED).

= Store and stockpile construction-related materials and equipment (e.g., excavated soil, steel
pipes, concrete, piping and fencing, steel supports and beams, and related roadway or
building supplies).

= Install slope protection measures (stone riprap) and backslope swales and drains to control
erosion in the channel and prevent slope failures.
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Demolish, reconstruct and elevate road and pedestrian bridges along the channel to meet
COH floodplain management requirements (replace and install at a minimum height above
BFE).

Maintain stormwater detention basin as needed to achieve the existing WSELs designed
function and maintenance.

Store and manage dredged material removed from the Hunting Bayou channel using as
much material as possible as fill for other projects. Dispose residual dredged material at
upland disposal sites.

Provide sanitary and solid waste management, stormwater and pollution prevention
planning, and water and wastewater disposal. Control construction noise and dust during
construction activities.

Relocate a Homestead Road area sanitary sewer line, and install lift station to redirect flows
to the area WWTP.

Ship construction materials to the site. Manage construction and demolition waste, and
special and hazardous wastes.

Provide site security and controlled access. Install fencing at roadway and bridge ROWs
as needed.

Clean up and restore site to minimize unavoidable effects to aquatic and other resources,
including erosion protection in compliance with applicable federal and state regulations and
guidelines and specific requirements of necessary construction permits.

O&M activities are to include mowing the ROW and debris removal.

5.1.2 NED Plan Scale B50-A25
Features of this alternative would be similar to the TSP, except for the following differences.

Purchase, acquire or control 113 acres of property along Hunting Bayou and the 25-acre
offline detention basin. Disposal site requirements would include an additional 57.7 acres.
This would total 195.7 acres.

Widen and deepen Hunting Bayou and construct an earthen, grass-lined, trapezoidal channel
with a 50-ft bottom width and 4:1 side slopes ratio extending from Hunting Bayou’s
upstream end at US 59 to 0.3 miles downstream from ERRY. In general terms, the channel
width would increase to approximately 50-ft-wide along some reaches of the 3.8-mile
project length.

Excavate the 25-acre offline detention basin to depths which may extend 22 to 24 ft bgs.

Displace populations from 57 SFRs and 8 multi-family residences in areas with high
minority and low-income residents living along the upper Hunting Bayou reach in the
Kashmere Gardens and Pleasantville neighborhoods, the Liberty Garden development and
other residential developments.
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= All other features and required activities described for the TSP would also pertain to B50-
A25.

5.1.3 1990 Authorized Plan

This alternative’s features are described in the Buffalo Bayou and Tributaries Feasibility Report
and EIS, USACE 1988 and are summarized as follows.

= Total project length is 14.8 miles extending from the mouth of Hunting Bayou at the
confluence with Buffalo Bayou (Houston Ship Channel) to US 59.

= Channel bottom width would vary from 50 ft in the upper and parts of the middle segments
to 100 ft in parts of the middle and lower segments.

= A total of 198 acres of additional ROW would be acquired, and 385 acres of disposal area
capacity would be required on multiple sites within 5 miles of the stream channel segments.
Existing ROW to be acquired would total 288 acres.

= Approximately 125 residential family units and 15 commercial businesses would be
displaced resulting from the ROW acquisition.

= Wetland impacts were not identified or quantified during the period of analysis for the
1990 Authorized Plan using the same procedures applied to the TSP and other plan scales.
Wetland and related aquatic resource impacts from the 1990 Authorized Plan are estimated
to be greater than the other build alternatives due to the increased cross section proposed for
the lower stream segment. The only quantified wetland impacts that the Authorized Plan
would cause would be those common to all build alternatives which are the 2.372 acres in
the upper bayou segment along the stream bottom.

= During the period of analysis, an estimated 66 acres of riparian vegetation and 30 acres of
upland forest would be removed for channel construction requiring compensation measures
based on calculated annual average habitat units removed (96 AAHU removed).

Channel construction (riparian tree removal, potential wetland effects) would impact small
portions of Hermann Brown Park. The exact wetland acreage impact was not quantified in the
1988 Report.

5.1.4 No Action Alternative

The No Action Alternative is defined as no action by the federal government to implement the
project detailed in this Draft GRR/EA; however, no action means local government entities
would continue to implement actions of their own to reduce flood risk during the period of
analysis.  Basic assumptions regarding the most-likely future WOP condition stem from
assuming these activities and policies would continue and likely expand in an attempt to meet
public need.

5.2 Physical Resources

Evaluating potential impacts to the physical setting and physiographic resources considered
whether the proposed action or an alternative would cause any of the following conditions:
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= Soil or sediment erosion, loss of topsoil, excavation of subsurface soils
= Bank failure or slope channel changes

Impacts to the physical setting were assessed based on map and field resource data. The primary
information about physical resources including geology and soils was compiled using regional
geology maps, Harris County Soil Survey Reports, Natural Resources Conservation Service
(NRCS) soil data and available area studies from research or government resources as available.
The environmental consequences discussed below address the potential impacts from the
proposed alternatives on topography and soil quality. Certain effects within the physical setting
of the TSP, NED Plan B50-A25 and the 1990 Authorized Plan are related to other resource
concerns, specifically impacts from dust emissions and soil erosion. These effects are also
discussed in the Climate Change and Air Quality sections in this chapter.

5.2.1 Topography

Topographic effects include the potential for land surface disturbance and alteration. The study
area for direct and indirect impacts encompasses the TSP ROW and the mapped floodplain area.
The topography cumulative effects study area is the same as the direct/indirect study area.
For the TSP, 905,882 total cubic yards of material would be permanently excavated to construct
the proposed channel, with 1,506,798 cubic yards of material being permanently excavated to
construct the offline detention basin. The offline detention basin’s depth could be 22 to 24 ft
bgs. B50-A25 would excavate approximately 20 percent to 30 percent less material in the
channel and over 400,000 cubic yards less material for the detention basin. The 1990 Authorized
Plan would excavate approximately 4.4 million cubic yards of material for channel construction
but not require any detention basins. The 1990 Authorized Plan cross section for the upper
segment is similar to B50-A25 without detention. Middle and lower segments would be
modified to 50 ft and 100 ft widths, respectively, creating the need for multiple disposal sites.

The No Action Alternative would maintain the status quo and provide scheduled channel
repair/maintenance as required to keep the bayou functioning as a stream course. Vegetation and
material which would degrade channel flow capacity would periodically be removed.

For the TSP and NED Plan B50-A25 area topography within the proposed channel ROW,
detention area and disposal sites would be permanently altered to construct the
widened/deepened channel, 22-ft deep 75-acre offline detention basin (25-acre basin for the B50-
A25) and upland disposal areas. The TSP and B50-A25 would include modifying the existing
channel and excavating some areas currently at natural ground level to construct the channel and
detention areas. Elevation changes would vary depending on the specific location within the
affected upper stream segment. The proposed channel bottom elevation would generally average
about 3 ft lower than the existing channel bottom. Within the Hunting Bayou channel ROW, the
TSP would change the topography so the ROW would widen up to 300 ft at the widest point, and
could be as much as 24 ft deeper than the existing land surface elevation. ROW requirements for
B50-A25 would be somewhat less. Riprap or rock would be installed for either the TSP or B50-
25 to minimize the potential for erosion or sedimentation along channel bends and at areas
proposed for stabilization (see Engineering Report).

The 1990 Authorized Plan would require more ROW beyond the existing channel for the entire
bayou length, and channel depths would increase.
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The No Action Alternative would maintain the channel status quo, except for required
maintenance.

Except for the proposed channel and detention areas, the area topography would not change over
the existing conditions with the exception of the provisional upland disposal sites for dredged
and fill material. The potential disposal sites” topography for the three build alternatives would
be permanently changed from existing conditions. The upland disposal sites for the TSP would
consist of stockpiled materials which would be elevated relative to the surrounding land.
Potential disposal properties identified as Disposal Sites 4, 5a and 6 would receive approximately
12 ft of fill material maximum. The material would be deposited according to approved disposal
plans in controlled lifts in compliance with permit provisions (to manage dust, noise and surface
water runoff); thus permanently changing the local topography. The proposed disposal area
adjacent to the UPRR would receive 8 ft maximum fill, also permanently changing the
topography at the location. The B50-A25 disposal site requirement and fill depths would be
somewhat less than the TSP, as the excavated material amounts would be less. The 1990
Authorized Plan would require multiple disposal sites totaling 385 acres to accommodate the 4.4
million cubic yards of excavated material. It was estimated approximately 15 percent of the
excavated material could be sold commercially for fill (1988 BB&T FR and EIS).

No Action Alternative

Under the No Action Alternative, there would be continued O&M for the existing Hunting
Bayou flood channel; thus no direct, indirect or cumulative effect on topography would be
expected. Flood risk would be consistent with baseline conditions, and no reduction in the
existing floodplain elevation would be expected. Area topography controls drainage and, in the
upper watershed, severe effects from flooding are identified within topographic low areas
bounded generally by major road or railroad infrastructure which control surface water flow such
as foundations and abutments consistent with the surrounding urban environment. Federal
emergency flood response and nonstructural local measures for FRM would continue to occur.
No anticipated direct, indirect or cumulative effects on topography would be expected for the No
Action Alternative.

5.2.2 Geology and Soils

Surface geology within the project area consists predominantly of Quaternary Age relict alluvial
deposits which formed Hunting Bayou. Shallow sediments include clays and silty clays
interbedded with discontinuous layers of silts and sands. Build alternative construction and
O&M would not be expected to have a direct or permanent effect on regional geology.
Environmental effects from all build alternatives associated with geology and soils include
topographic change in the project area. The potential exists for geologic conditions or hazards to
influence design, construction or operation, soil stability and cohesion. There is also the
potential for sedimentation or erosion to occur based on soils and channel stability.

The total area permanently disturbed by the TSP and to a lesser extent by NED Plan B50-A25
within the Hunting Bayou ROW would be 313 and 300 acres respectively. The 1990 Authorized
Plan would disturb 198 acres of additional ROW for channel construction and 385 acres for
excavated material disposal.

Area geology influences surface and subsurface soil deposition. Faults are present in the project
vicinity, but in Hunting Bayou’s upper reach, they are mapped as normal or growth faults which
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exhibit a linear pattern with minimal mapped displacement on the downthrown side. Prime
farmland soils are mapped in Hunting Bayou’s lower reach, but are not present in the upper
watershed and are not addressed further.

Based on geotechnical investigations, soils along the main channel are suitable for the proposed
side slopes, except for a 1,250-ft reach along ERRY with previously identified slope stability and
erosion problems. The 1,250-ft reach is currently concrete-lined to provide stability through
several existing railroad bridge crossings in proximity to one another. The open channel is
enclosed, lined and low flows are conveyed through relatively large diameter culverts. Since the
culverts in the channel do not completely enclose the channel, storm flows pass through the
culverts and over the top of the culverts in the open channel section. The proposed channel
improvements would replace the existing concrete-lined section with an open channel concrete-
lined section through ERRY.

Construction, excavation, demolition and relocation activities for the TSP would result in the
existing surface and subsurface soils being permanently removed and relocated from the channel
ROW and the detention basin area to the upland disposal areas.

Effects to and influences of geology and soils have been and would continue to be incorporated
into design considerations to minimize potential adverse effects to the area geology. This
includes effects caused by sedimentation or erosion and effects on varying soil capabilities on
channel slopes and within the channel bottom.

The channel ROW may include maintenance access areas which may be mounded, graded,
mowed and maintained; thus also permanently effecting to a minimal extent local topography.
In all cases, grading would occur to restore area topography to the extent possible after
construction; however it is anticipated permanent changes to topography would occur within the
channel and detention basin and at the upland disposal sites. No indirect or cumulative effects of
geology or soils associated with the TSP are anticipated.

No Action Alternative

Under the No Action Alternative, there would be continued O&M of the existing Hunting Bayou
flood channel; no direct or indirect effect to soils and geology would be expected. Flood risk
would be consistent with baseline conditions, and no reduction in floodplain areas would occur.
Federal emergency flood response and nonstructural local measures for FRM would continue to
occur. No indirect effects of geology or soils associated with the No Action Alternative are
anticipated.

5.2.3 Groundwater and Subsidence

All build alternatives would encounter shallow groundwater conditions in the Hunting Bayou
project area which may affect excavation or trenching, and may cause the need for dewatering
during construction. No adverse indirect or cumulative effects from groundwater or subsidence
associated with these alternatives are anticipated, as these conditions would be addressed through
proper engineering design as described in Appendix 2 - Hydrology and Hydraulics.

Shallow groundwater quality, quantity and recharge rates are expected to be temporarily affected
during the build alternative’s construction. Excavation cuts made into water-bearing zones would
result in groundwater discharge, which would require dewatering. Appropriate groundwater
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management for the generated waste would be required. No direct or indirect changes or impacts
to groundwater aquifers used for public drinking water supply are anticipated.

No Action Alternative

Under the No Action Alternative, O&M would be continued for the existing Hunting Bayou
flood channel; no direct effect on groundwater or subsidence would be expected due to
implementing TPS. Under the No Action Alternative, local and federal emergency flood
response and implementing nonstructural local measures for FRM would need to continue.
Long-term direct and adverse indirect or cumulative effects of the No Action Alternative are
anticipated as described by Appendix 2 - Hydrology and Hydraulics and Appendix 5 -
Economics Analysis.

5.3 Hydrology

Hunting Bayou’s main channel is an earthen channel which extends approximately 15 miles
from its headwaters west of US 59 to the confluence with Buffalo Bayou at HSC. The Hunting
Bayou watershed drains an area calculated to be approximately 30 square miles. The average
slope in the watershed is 0.0007 feet/feet and the upper watershed floodplain is wide and
relatively shallow. Water flow sources in the bayou include precipitation and human activities.
Water reaching streams or bayous via surface runoff eventually discharges into Galveston Bay or
the Gulf of Mexico from the Buffalo Bayou watershed, including Hunting Bayou, and evaporates
to perpetuate the hydrological cycle.

Environmental effects associated with study area’s hydrologic resources include Hunting Bayou
surface water resources and water quality and socioeconomic issues. The area of direct and
indirect effects for hydrology encompasses the 1 percent AEP (100-year) and the 0.2 percent
AEP (500-year) floodplains. In the intent of FRM, Hunting Bayou has been channelized from its
upstream boundary to its downstream limit since the 1940s. Downstream channelization efforts
have not been maintained, since early efforts were conducted and the lower Hunting Bayou has
returned to a natural condition. The upstream reach has provided urban FRM in combination
with the street and stormwater infrastructure in efforts to manage flood damages. The upper
Hunting Bayou watershed drainage areas encompass approximately 12 square miles.

Current FRM efforts are inadequate, inefficient and costly in terms of human health, damages
incurred and the environment. Developed by reevaluating the 1990 Authorized Plan, all build
alternatives provide improved flood water conveyance for over 6,000 acres of the upper Hunting
Bayou watershed (described in more detail by Appendix 2 - Hydrology and Hydraulics and
Appendix 5 — Economic Analysis).

Indirect effects from each build alternative would be long-term and beneficial (except for B50-
A25), and would occur within the upper and middle Hunting Bayou watersheds within an area
totaling 23 square miles.

Implementing the TSP or B50-A25 alternative would reduce the 0.1 percent AEP floodplain area
in the bayou’s upper segment from 5,060 acres in the study area to 2,250 acres. Ordinarily, the
hydrology of some special aquatic sites such as wetlands would be affected by such a change,
because floodplain wetlands would likely change in species composition and size. Because the
upper segment’s natural hydrology has been altered by urban development and associated
drainage structures, existing pockets or fragments of wetlands within the upper segment
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floodplain are not supported by periodic flooding. The greater likelihood is these areas are more
frequently flooded by less frequent storm events due to the existing drainage systems’
operations. The only contiguous wetland/upland complex in the project area in the floodplain is
associated with the 75-acre detention site (25 acres for B50-A25), and it is being accounted for in
the mitigation plan. No other special aquatic site in the upper segment, outside the bayou
channel, would be affected by the reduction in floodplain acreage.

The situation is different for the upper, middle and lower segments with respect to the
1990 Authorized Plan. This plan provides for 25-year structural flood risk reduction. According
to the 1988 study, this alternative would reduce the 100-year floodplain from 5,334 acres
(estimated at that time) to 760 acres. Areas in the middle and lower segments which are less
developed and could contain special aquatic sites (wetlands) could be inundated for less time
during major flood events. This could potentially reduce the size and composition of some
wetlands vegetation communities.

No Action Alternative

During an intense rainfall event, Hunting Bayou’s existing conditions do not provide adequate
flood protection, nor does the bayou serve as an adequate outfall source for the local drainage
system. Under the No Action Alternative, there would be continued O&M for the existing
Hunting Bayou flood channel and as a result, there would be negative direct, indirect and
cumulative effect on area hydrology. As discussed in the previous subsection, the cumulative
effects of subsidence including within the Hunting Bayou watershed would continue and
potentially expand to residential areas which would experience increased flood risks associated
with the No Action Alternative.

5.4 Water Quality

For surface water resources, potential direct impacts from the TSP generally would include
changes to the surface water flow regime and water quality within the upper Hunting Bayou
watershed.

After completing the TSP and B50-A25 alternatives, Hunting Bayou’s overall water quality
would be expected to return to baseline conditions. Baseline water quality for Hunting Bayou is
poor, and described as impaired under Section 303(d) of the CWA. Water quality is
characterized by low dissolved oxygen (DO) concentrations, the presence of chlordane and
polychlorinated biphenyls in fish tissue, the presence of excessive levels of bacteria and E. coli,
dieldrin, and other pesticides, dioxins, and high concentrations of nitrate, ammonia nitrogen and
fecal coliform bacteria.

Hunting Bayou in the upper reach is an urban, rectified channel for which day-to-day perennial
flow only courses through a small perennial channel within its banks. The channel modifications
associated with either the TSP or B50-A25 will involve widening the portion of the bottom of the
bank’s full channel outside the perennial channel and not the perennial channel itself.
The deepening involved will lower the perennial channel’s elevation, but not change its perennial
geometry (either depth or width). The project proposes to put the same perennial channel
geometry back into the modified channel. Therefore, the same daily flow (i.e., base flow) will be
contained in the same sized perennial channel, and result in the same preconstruction flow depths
and velocities, not deeper water column or strata. DO problems more related to water quality
versus stratification are not expected to be exacerbated by the proposed deepening. Neither the
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TSP nor B50-A25 would alter the quality of runoff or shallow groundwater seepage which
constitutes the base flow.

The 1990 Authorized Plan is expected to increase water temperature and reduce DO caused by
the enlarged surface areas due to channel widening along with reduced base flow velocity.
Diurnal fluctuations in DO would be amplified in the bayou’s riprapped reaches due to increased
algal growth. No change in salinity patterns for the lower segment is expected, though the tidal
zone will be extended 0.5 miles upstream (BB&T Feasibility Report and FEIS, USACE 1988).

Excavation activities associated with the TSP and B50-A25 channel improvements would not be
expected to result in a high concentration of contaminants for the long-term, although short-
duration, localized sediment disturbance may occur in the construction area and immediately
downstream. Should highly polluted water be encountered during construction, measures would
be implemented to prevent downstream movement of contaminated water while the
contamination and volume are evaluated. The potentially contaminated water would likely
originate from perched water tables which have a limited volume. Pumping contaminated water
to tanker trucks and then treating at an industrial wastewater facility has been used in the past
when such circumstances have been encountered (Hardy Toll Road/IH 610 construction, 1987,
AECOM; West Sam Houston Tollway depressed section south of IH 10, 1995, AECOM).

The 1990 Authorized Plan would generate short-term turbidity in the channel during
construction. It would face similar potential constraints in the upper segment as the other build
alternatives, though there is a decreased likelihood of encountering pollution in the middle and
lower segments as these areas are less populated.

During non-storm events, water in the bayou generally consists of storm sewer, municipal and
industrial WWTP discharges. The grass-lined channel would help maintain the sediment and
pollutant removal benefits of grass-lined conveyances (swales, channels, etc.) especially under
normal low flows. It is expected the proposed channel modifications in the upper segment would
result in a perennial channel on the widened channel bottom to maintain water flow.

As with other elements constructed within surface water bodies, short-term temporary increases
in suspended sediment concentrations, turbidity and sediment deposition would occur from
project-related disturbance. Short-term temporary increases in suspended sediment
concentrations, turbidity and sediment deposition would be minimized by implementing
construction water control (e.g., cofferdams), erosion control measures (e.g., silt fences, check
dams) and other stormwater best management practices. During PED, developing the
Stormwater Pollution Prevention Plan (SWPPP) would ensure appropriate control of potential
water quality effects from construction, such as uncontrolled erosion and sediment runoff from
improper material storage/stockpiling, excavated material hauling and equipment use. O&M
operations are not expected to have a long-term effect on water quality.

Hunting Bayou’s water quality is limited as a result of E. coli bacteria and other pollutants
common to urban areas. The bayou is subject to a Total Maximum Daly Load (TMDL)
implementation plan in compliance with CWA Section 303(d) to reduce bacteria through
regulatory and voluntary mechanisms (HGAC 2012). The types of mechanisms contemplated
include educating citizens on the impact of pet waste on surface water quality and the potential
for measures which would slow the movement of pollutants into the bayou. Such measures
would not materially affect implementing or operating any build alternative. The existence of a
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proposed storm water detention facility as part of the TSP would likely be consistent with TMDL
compliance measures.

Hunting Bayou being subject to TMDL plan implementation is not seen as an impediment to
receiving a state water quality certification under CWA Section 401, as the TSP will introduce
structural elements such as the detention basin which will improve bayou water quality in the
upper reach.

The potential for localized soil erosion resulting from discharging surface water during
construction is anticipated to be low to moderate and temporary. No indirect effects on water
quality associated with the TSP are anticipated.

The 1990 Authorized Plan also has a 404(b)(1) evaluation included in the 1988 Report which
establishes compliance with CWA.

No Action Alternative

Drought conditions have been ongoing in the Houston area since 2010. Hunting Bayou’s water
flows and water quality relatively depend on normal rainfall conditions. Wastewater effluent in
the upper Hunting Bayou reach may augment and maintain the minimum stream flows.

Under the No Action Alternative, no build alternatives would be constructed and federal, state
and local FRM or flood response measures and strategies would need to be implemented to meet
demand for FRM. Local and federal emergency flood response and nonstructural local measures
would need to continue and potentially expand to incorporate provisions for the possible
increases in subsidence, and lack of proper hydrologic functioning in the existing Hunting Bayou
flood management system.

Indirect effects from the No Action Alternative would be long-term, adverse, and would occur
within the upper and middle Hunting Bayou watersheds in an area totaling 23 square miles.

5.5 Floodplains

In accordance with E.O. 11988 Floodplain Management requirements (see Section 5.21.11), as
part of their public interest review, projects should avoid to the extent practicable, long- and
short-term significant adverse impacts associated with occupying and modifying floodplains and
the direct and indirect support of floodplain development whenever there is a practicable
alternative. Exhibit 3-2 shows the location for the Hunting Bayou watershed’s 1 percent and 0.2
percent AEP floodplains based on FEMA mapping. The 1 percent AEP floodplain, also known
as a Special Flood Hazard Area on a FEMA Flood Insurance Rate Map (FIRM or floodplain
map), is an area at risk for flooding from a bayou, creek or other waterway overflowing during a
1 percent AEP (100-year) flood. Statistically, structures in a 1 percent AEP floodplain have a
minimum of a 26 percent chance of flooding during a 30-year period and a minimum 1 percent
chance of flooding in any given year. As an example, for flat slopes in areas adjoining a
floodplain, 3- to 4-inch increases in ponding may result in standing water expanding laterally
+500 ft for less than a day. Exhibit 3-3 shows the location for the 10 percent, 4 percent, 1 percent
and 0.2 percent AEP floodplains under existing conditions. The 0.2 percent AEP floodplain
affects approximately 6,500 acres within the watershed.
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Exhibit 4-5 through Exhibit 4-8 geographically compare the “with” and “WOP” conditions for
the 10 percent, 4 percent, 1 percent and 0.2 percent AEP floodplains within the watershed. In
keeping with common floodplain management practices, the design for Hunting Bayou channel
and other project elements associated with the TSP and B50-25 were developed to meet the
requirements specified in ER 1105-2-100 and ER1105-2-101 risk analysis for flood damage
reduction. Inundated areas corresponding to the calculated floodplains for the “without™ project
scenario are as follows:

= 10 percent AEP floodplain — approximately 3,050 acres (4.8 square miles)
= 1 percent AEP floodplain — approximately 5,600 acres (8.8 square miles)
= 0.2 percent AEP floodplain — approximately 6,600 acres (10.3 square miles)

After implementing the TSP or NED Plan B50-A25, the 1 percent AEP (100-year) floodplain
would be approximately 2,250 acres (3.5 square miles). The 1990 Authorized Plan would also
reduce the overall extent of the 1 percent AEP floodplain from an estimated 5,334 acres in 1988
to 760 acres.

No Action Alternative

Under the No Action Alternative, no build alternatives would be constructed; and federal, state
and local FRM or flood response measures and strategies would need to be implemented to meet
demand for FRM. Local and federal emergency flood response and nonstructural local measures
would need to continue and potentially expand.

Indirect effects from the No Action Alternative would be long-term, adverse and would occur
within the upper and middle Hunting Bayou watersheds in an area totaling 23 square miles.

5.6 Wetlands and Waters

The TSP and B50-A25 impacts to wetlands and waters were identified by overlaying the
surveyed wetlands and wetlands shown by the National Wetland Inventory maps over graphic
illustrations depicting the TSP and B50-A25 ROW. Wetland impacts were characterized as the
direct loss of wetlands due to placing dredge or fill material, and as type conversion impacts
relating to altering or converting wetlands function due to removing vegetation. These type
conversion impacts could be temporary (e.g., where an emergent or scrub-shrub [woody
vegetation less than 20 ft tall] wetland is disturbed and allowed to regenerate) or permanent (e.g.,
a wetland forest is cleared and allowed to regenerate as an emergent or scrub-shrub wetlands).
The acreages for wetland areas affected by the TSP (and by extension B50-A25) and related
infrastructures were calculated using GIS analyses.

5.6.1 Waters

An investigation for waters was performed on the TSP and B50-A25 ROW. The site review
identified waters which would be affected by the project’s construction and O&M. During this
work, natural drainage features and aquatic resources were identified. The influence area for
wetland resources included these alternative’s proposed ROW for associated infrastructure
(i.e., stormwater detention basin, upland disposal sites, conveyance channel, utility ROWs,
access or maintenance areas, and to be acquired residential areas so structures within the AEP
floodplain could be demolished).
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During construction for the TSP or NED Plan B50-A25, approximately 6.9 acres of the bayou
stream channel would be excavated. Hunting Bayou’s low-flow channel, a perennial stream, is
approximately 20,100 ft long and 15 ft wide. Approximately 905,882 cubic yards of earthen
material would be excavated to construct the proposed TSP channel, and approximately
505,885 cubic yards for B50-A25.

The 1990 Authorized Plan would excavate approximately 4.4 million cubic yards of material,
which will impact wetlands. Wetlands identified in the 1988 study indicated potential effects to
lower segment backwater swamps, mudflats and shallow water areas which could contain
saltmarsh communities. No acreages or areas were estimated in the 1988 study.

No Action Alternative

Under the No Action Alternative, there would be no direct or indirect impact or change to the
waters or wetlands identified within the proposed build alternatives ROWs.

5.6.2 Wetlands

Wetlands outside the TSP or B50-A25 alignment which may depend on hydrology from surface
water flow would not be anticipated to be affected. While not quantified in the 1988 study,
floodplain reductions associated with the 1990 Authorized Plan could affect some wetland
communities in the middle and lower bayou segments. As mentioned previously, the inundation
period in these areas would be reduced, potentially causing a ‘switching’ of very wet to less wet
vegetation.

Activities involving dredging sediment from waters including wetlands or placing fill in
wetlands, would be considered to have a permanent adverse impact. Dredged material is defined
as material which is dredged or excavated from waters including wetlands. Activities involving
removing or converting wetland vegetation could affect wetland resources. A change in wetland
function which would occur by converting wetlands type (i.e., forested wetlands conversion to
emergent wetlands) would also be considered an adverse permanent impact. The wetlands
function and value assessments and proposed compensatory mitigation are discussed in Appendix
1, Attachment D.

The U.S. Fish & Wildlife Service (USFWS) provided a Planning Aid Letter regarding “wildlife
resource impacts” from the TSP (January 2007), which would also apply to B50-A25. USFWS
reconfirmed the substance of this guidance in 2013. The Planning Aid Letter’s focus is the 75-
acre site proposed for stormwater detention for the TSP. USFWS observed the tract is ‘relatively
small, isolated, and fragmented’” which diminishes this site’s wildlife value. However, the site
was seen as a possible repository for resources necessary to rejuvenate a small native prairie
ecotype. Even so, USFWS recognized the site’s limited size and isolation may make
preservation infeasible and recommended compensation at a 2:1 ratio. Wetland impacts were
considered as part of the mitigation alternatives. The USFWS request to mitigate for coastal
prairie effects is also being fully considered by the non-federal sponsor, HCFCD.

The mitigation plan described in Appendix 1, Attachment D is the lowest cost of the five
mitigation alternatives considered (Appendix 1, Attachment D). The mitigation alternatives
were rigorously evaluated in differentiating between acres of wetlands and AAHUs. Because
mitigation would be achieved by purchasing mitigation bank credits, successful mitigation is
assured.
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The TSP would unavoidably directly and permanently impact approximately 4.372 acres of
forested and scrub-shrub wetlands as part of the excavation activities, which include channel
deepening and widening, developing the offline detention basin and constructing disposal sites.
B50-A25 would impact 2.372 acres of wetlands. The permanently impacted wetlands resources
by type and location are summarized below.

= 1.682 acres of forested wetlands unavoidably impacted at the stormwater detention basin
and within the Hunting Bayou channel (avoided by B50-A25)

= (0.318 acres of scrub-shrub wetlands unavoidably impacted at the stormwater detention basin
(avoided by B50-A25)

= 2.372 acres of emergent wetlands unavoidably impacted by all build alternatives within the
Hunting Bayou channel and at Disposal Site 4

Approximately 1.18 acres of fringe wetlands in the upper segment would be directly and
adversely, but not permanently, affected by any build alternative’s proposed construction within
the Hunting Bayou channel; however, these fringe wetlands would be expected to regenerate
through natural or assisted processes (planting and regrowth). The fringe wetland vegetation
results from recruiting common hydrophytic vegetation along the edges of the perennial channel
within the grass-lined main channel bottom. Because the proposed deepening will not lower the
water depth within the perennial channel, the same water’s edge exposure which resulted in the
fringe wetland vegetation growth will be present. Compensatory mitigation would include
purchasing credit for forested and emergent wetlands from the GBWMB as calculated by the
Habitat Suitability Index (HSI) scores developed through performing a HEP analysis. Appendix
1, Attachment E contains a Section 404(b)(1) Evaluation and the TCEQ Tier Il Water Quality
Questionnaire and Alternatives Analysis Checklist completed for the TSP.

5.6.2.1 Mitigation and Monitoring

The fringe wetlands observed within the channel banks during 2007 field investigations result
from natural recruitment of native and non-native emergent vegetation along the edge of a
perennial channel constructed during the previous Hunting Bayou modifications. Emergent
wetland plants currently growing within the channel bottom and along the perennial channel
would be expected to naturally re-vegetate after construction. Fringe wetlands are therefore
expected to recover after construction and are not included as part of the Wetland Mitigation
Plan (Appendix 1, Attachment D).

The non-federal sponsor, HCFCD, would monitor conditions after construction, and if less than
70 percent of the original fringe wetlands have not regenerated, the non-federal sponsor,
HCFCD, would plant 1 acre of emergent wetlands plant species along the perennial channel
fringe expecting the remaining 0.2 acre loss would re-vegetate naturally from planted vegetation.

Detailed design for the wetland mitigation plan would occur during the project’s final design
phase. The mitigation plan would ensure the functions/values of the impacted wetlands would
be replaced accordingly.
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No Action Alternative

Under the No Action Alternative, no construction activities would occur in or near wetlands, and
there would be no impact or change in baseline conditions related to these resources.

5.7 Air Quality

This section provides a generalized discussion about the air quality impacts associated with the
TSP, B50-A25, Authorized Plan and No Action Alternative relative to the inventory of air
emissions for the HGB Nonattainment Area. The air contaminants considered are those covered
by the NAAQS including nitrogen oxide (NOy) and volatile organic compound (VOC).

5.7.1 Direct Air Quality Impacts from the Tentatively Selected Plan (TSP)

The air quality impact evaluation associated with the TSP and B50-A25 was based on identifying
expected air contaminants and estimated emission rates for this project alternative. The emission
sources evaluated include land-based mobile sources which would be used during construction
activities, including front end loaders, dozers, trucks, backhoes and other predominately diesel
powered construction equipment. Air contaminant emissions associated with this equipment
would be primarily combustion products from fuel burned in the engines powering this
equipment. The movement or disturbance of soil and other construction materials would also
result in PM emissions to the air.

Emissions from the construction-related activities associated with the TSP and B50-A25 would
include NOy and VOC. Air emissions would result from construction activities and vehicular
traffic associated with on-road construction equipment and support vehicles. This alternative is
expected to result in an increase in direct and indirect emissions to the HGB Nonattainment Area
during the construction period. However, the construction activities associated with this
alternative would be considered one-time activities, i.e., the construction activities would not
continue past the date of completion, thus they are considered short-term impacts. Table 5-1
summarizes the total estimated emissions in tons resulting from using construction equipment for
the TSP and B50-A25.

The results in Table 5-1 demonstrate NOx and VOC emissions would not exceed the current
de minimis threshold of 25 tons per year from constructing the TSP and B50-A25. As a result,
project emissions from the TSP and B50-A25 would not require a General Conformity
Determination, would be considered to conform to the HGB SIP, and would require no further
analysis. A copy of these findings would be submitted to TCEQ for review and concurrence.
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Table 5-1:
Total Estimated NO, and VOC Construction Emissions for the TSP and B50-A25

Emissions
(tons per year)

Year NOy VOC

2015 15.94 0.86
2016 19.51 1.11
2017 1.69 0.10
2018 1.09 0.07
2019 8.90 0.59
2020 8.63 0.64
2021 8.32 0.61
2022* 5.76 0.43

*One-half year of construction

The potential impacts from PM emissions would be minimized by using dust control techniques
such as covering or treating disturbed areas with dust suppression techniques, sprinkling and
other dust abatement controls, as appropriate.

Air contaminant emissions would also result from activities related to periodically maintaining
the project area including activities such as mowing and sediment/debris removal from the
channel bottom and detention basins. The emission sources during maintenance may include
construction equipment, with air contaminant emissions associated with this equipment primarily
combustion products from fuel burned in the engines powering this equipment. Moving or
disturbing soil and other construction materials would also result in PM emissions to the air.
These activities associated with maintenance activities would be conducted on a periodic basis,
and therefore would result in periodic short-term impacts of relatively short duration at different
locations along the existing earthen channel. These emissions would be very minor in magnitude
compared to the whole of other typical urban sources (cars, trucks, etc.) of these emission types.
Implementing standard construction BMPs would mitigate potential impacts.

The 1990 Authorized Plan emissions associated with excavating and disposing 4.4 million cubic
yards of material plus related actions would exceed the temporary air quality effects of the other
build alternatives associated with construction. These emissions were not quantified in the
1988 Report.

5.7.2 Greenhouse Gas Emissions and Climate Change

Greenhouse gas (GHG) emissions from all build alternatives will result from construction
activities and from vehicular traffic associated with on-road construction equipment and support
vehicles. The principal greenhouse gases entering the atmosphere as a result of human activities
include carbon dioxide (CO;), methane (CH,), nitrous oxide (N,O) and fluorinated gases (UT
Press 2011; EPA 2012c). GHG contribution from the build alternatives will be temporary and
only occur during construction, as the alternatives will result in no permanent emission source,
and will not have any indirect influence on other sources such as cars, trucks or other fossil fuel-
consuming sources.

Climate change due to GHG is a global and regional-scale issue, and locally, the largest
contributions are from on-road mobile sources (cars, trucks) and power plant stationary sources.
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CO; is the largest GHG component emitted by these sources. The GHG emitted from
constructing the build alternatives will be insignificant compared to regional emissions.
Consider the maximum yearly NOx emissions estimated for the TSP or B50-A25 construction
constitute only 0.04 to 0.11 percent of the on-road source emissions and only 0.02 to 0.05
percent of all source emissions contained in the proposed revision to the HGB area SIP for the
modeled years 2006 and 2018 respectively. The 1990 Authorized Plan emissions, while much
larger than these, would still be less than 1 percent of total emissions.

Build alternative emissions will occur primarily from combustion of diesel by construction
equipment and heavy duty diesel vehicles used to haul excavated soil. The ratio of average NO
emissions per mass of fuel consumed between heavy duty diesel vehicles (which constitute the
majority of build alternative emissions) compared to gasoline light-duty trucks and passenger
vehicles (which constitute the majority of on-road GHG sources) ranges from 9.06 to 12.43
(USEPA 2008a and b). The average CO;, emissions ratio of diesel compared to gasoline is
approximately 1.14 (USEPA 2005). Because the ratio comparing average NOy emissions of
diesel to gasoline sources is greater than the ratio between these sources for CO,, if TSP and
B50-A25 NOy emissions constitute an insignificant percentage of regional emissions, TSP and
B50-A25 CO, emissions will constitute an even smaller percentage of regional emissions.
Therefore, build alternative emissions will not contribute significantly to GHG emissions.

In accordance with EC 1165-2-212, the effects of Relative Sea Level Rise (RSLR) on the project
have been evaluated. A discussion about the evaluation and how RSLR was accounted for in
hydraulic modeling is provided in Appendix 2 — Hydrology and Hydraulics, which concludes
RSLR effects are anticipated in Hunting Bayou’s lower reach.

No Action Alternative

Under the No Action Alternative, O&M would be continued for the existing Hunting Bayou
flood channel, and an alternative FRM plan developed by reevaluating the 1990 Authorized
Project would not occur for the Hunting Bayou watershed. Implementing the No Action
Alternative would result in no change from baseline to the area’s air quality.

5.8 Sound Environment

Implementing any build alternative evaluated for Hunting Bayou would result in deepening and
widening the existing channel, excavating detention areas (except for the 1990 Authorized Plan)
and replacing new bridge crossings; demolishing existing buildings within the project ROW,
relocating utility/pipelines; and disposing excavated materials. Short-term impacts on sound
levels within the community during the construction related activities would include sound from
construction equipment/vehicles and delivery vehicles traveling to and from the proposed
construction site. Construction related equipment sound levels generally range from 76 dB for
hoist operations and 85 dB for backhoe operations to a maximum 100 dB for pneumatic
hammers.

Sound levels related to the proposed construction activities at a given receptor would vary
widely, depending on the phase of construction, demolition, land clearing and excavations, and
other tasks. During the construction period, some increased sound levels within neighborhoods
adjacent to the Hunting Bayou channel/detention areas would be anticipated. To minimize the
potential impacts from construction related sound to surrounding areas, the contractor would be
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required to limit the construction, demolition and excavation associated with the proposed action
to daylight hours, when occasional loud sounds are more tolerable.

Project plans and specifications would also include an environmental clause stating the
contractor should make reasonable efforts to abate noise in the construction area. Extended
disruption of normal activities is not considered likely, due to the relatively short-term exposure
periods anticipated on any one receiver during the potential construction phases. No direct or
indirect permanent effects on the noise environment or continuation of disruptive, intrusive or
disturbing sounds would be anticipated due to implementing any build alternative.

Residential land uses adjacent to the bayou and other noise sensitive receptors such as schools,
libraries and churches within a block of the bayou will be affected by construction noise from the
build alternatives (Section 2.6.1.2). Earth moving equipment, graders, trucks hauling excavated
material and other construction related traffic will be in operation during daylight hours.
Bridge removal and constructing replacement bridges and roadways will also contribute to
increased day time sound in neighborhoods affected by the build alternatives. The TSP and B50-
A25, restricted to the upper bayou segment areas, will contribute increased sound levels to
residential areas, Hutcheson Park and to one school (St. Francis of Assisi) during the
construction day. Due to service schedules, churches in the project areas will likely not
experience construction noise during evening and weekend services.

The 1990 Authorized Plan, which affects all three bayou segments, will contribute noise during
the construction period to at least six additional residential neighborhoods vs. the other build
alternatives and to an additional park land use: Herman Brown Park.

No Action Alternative

Under the No Action Alternative, there would be continued O&M of the existing Hunting Bayou
flood channel, and an alternative FRM plan developed by reevaluating the 1990 Authorized Plan
would not occur for the Hunting Bayou watershed.

Implementing the No Action Alternative would result in no construction-related sound impacts
to the areas surrounding the Hunting Bayou channel or proposed detention areas. The noise
environment would be consistent with existing conditions and reflect an urban area of Houston.

5.9 Socioeconomic Resources

5.9.1 Land Use

Constructing any build alternative would require the non-federal sponsor, HCFCD, to acquire
land to maintain the system ROW. At least 17 bridges (roadway, street and pedestrian) would be
replaced or removed as part of the TSP, B60-A75, and the NED Plan, B50-A25. The 1990
Authorized Plan would remove and replace approximately 30 bridges.

The predominantly privately-owned land along the upper Hunting Bayou channel would be
converted to public use from private ownership, would lose direct value, while potentially
improving the value of properties within the 0.2 percent AEP floodplain. Local taxing entities
would lose a total of $91,000 in property taxes resulting from the proposed land use conversion
associated with project ROW 